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THE  CALCULATION  OF  COPPER  MATTE  BLAST- 
FURNACE CHARGES. 

By  h.  van  f.  furman. 

Some  few  years  ago  the  writer  published  a  paper  in  the  Quar- 
terly* entitled  "  The  Calculation  of  Lead  Blast-Furnace  Charges." 
The  present  article  may  be  regarded  as  a  supplement  to  the  former 
paper  and  has  been  written  more  for  the  student  than  for  the  practical 
metallurgist  who  is,  presumably,  familiar  with  these  elementary 
calculations. 

The  problem  is  not  simple  owing  to  the  continually  varying 
conditions  and  the  many  different  points  which  must  be  considered, 
the  most  important  being  as  follows : 

First.  The  charge  must  be  calculated  so  as  to  produce  a  slag 
which  will  be  good  both  from  a  metallurgical  and  an  economic 
standpoint  A  good  metallurgical  slag  is  one  which  is  fusible,  is 
adapted  to  the  ores  to  be  smelted,  should  keep  the  furnace  in  good 
condition,  should  allow  a  good  separation  of  the  matte,  and  hence 
should  have  as  low  a  specific  gravity  as  possible,  should  be  low  in 
both  copper  and  silver,  and  should  usually  permit  of  a  high  degree 
of  concentration  of  the  copper  into  the  matte.  An  economic  slag 
is  one  which  will  fulfill  the  above  conditions  and  at  the  same  time 
allow  an  economic  mixture  of  the  ores  to  be  treated  so  that  a  mini- 
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mum  amount  of  costly  fuel  and  flux  will  be  required.  The  addi- 
tion of  flux  to  the  furnace  charge  not  only  increases  the  smelting 
cost,  as  for  each  pound  of  flux  required  one  pound  less  of  ore  can 
be  treated,  thus  involving  an  additional  labor  and  fuel  expense  for 
the  ore  smelted ;  but  it  diminishes  the  available  capacity  of  the 
plant. 

In  copper  matte  smelting  the  percentage  composition  of  the  slag 
is  not  of  the  same  importance  as  in  lead  smelting  where  the  metal- 
lurgist is  restricted  to  certain  type  slags  of  fixed  chemical  compo- 
sition. The  lead  smelter  must  adhere  to  these  types,  which  have 
been  well  established,  in  order  that  economical  work  may  result 
The  copper  metallurgist  is  simply  restricted  within  rather  wide 
limits  as  regards  the  percentages  of  slag  producing  elements  which 
may  be  present.  While  the  type  slags  of  the  lead  smelter  may  be 
used  in  copper  smelting,  they  are  generally  uneconomical  as  they 
are  quite  basic  and  require  a  large  amount  of  flux  for  their  produc- 
tion. They  fulfill  all  the  requirements  of  a  good  metallurgical  slag, 
but  in  most  localities  can  not  be  produced  without  the  addition  of 
considerable  limestone,  and  possibly  other  fluxes,  to  the  charge. 

The  limits  of  the  principal  slag  constituents  in  copper  matte 
smelting  may  be  stated  as  follows : 

SiO, 26t0  4S5& 

AljO, o  to  20% 

FeO 28  to  65%, 

CaO oto  28%, 

ZnO oto  14%. 

In  this  table  MnO  is  regarded  as  replacing  FeO,  and  BaO  and 
MgO  as  replacing  CaO.  Manganese  replaces  iron  and  renders 
the  slag  extremely  fusible ;  but  lies  *  considers  manganese  as  det- 
rimental on  account  of  its  tendency  to  carry  silver  into  the  slag, 
Church,t  however,  does  not  consider  manganese  as  detrimental 
and  claims  to  have  made  slags  containing  over  43%  MnO  which 
were  remarkably  low  in  silver  (0.5  oz.  per  ton). 

The  presence  of  MgO  and  BaO  in  copper  slags  is  not  as  ob- 
jectionable as  in  lead  slags  where  under  ^fe  of  either  oxide  is 
generally  regarded  as  the  safe  limit.     Copper  matte  slags  have 

•  School  of  Mines  Quarterly,  Vol.  V.,  p.  317. 

t  Tows.  Am.  Init.,  M.  E.,  Vol.  XV.,  p.  612.  School  of  Minei  Quarterly.  Vol.  V., 
p.  33a. 
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been  successfully  run  with  as  much  as  12^  of  these  oxides.  The 
presence  of  BaO  is  objectionable  as  it  raises  the  specific  gravity 
of  the  slag.  The  presence  of  zinc  is  objectionable  in  both  lead 
and  copper  smelting,  as  it  has  a  tendency  to  render  the  slag  thick 
and  infusible  and  consequently  increases  the  slag  loss  in  valuable 
metals.  It  also  has  a  marked  tendency  to  increase  the  loss  of  sil- 
ver by  volatilization  during  the  roasting  or  smelting  operations. 
In  lead  smelting  13^  of  ZnO  in  the  slag  may  be  regarded 
as  the  maximum  hmit,  but  in  copper  smelting  slightly  higher 
limits  have  been  reached.  All  sl^s  contain  other  constituents  as, 
NfljO,  KjO.  PbO,  Cu^,  CaS,  etc.,  which  are  generally  present 
in  small  quantities^  so  that  the  sum  of  the  SiOj,  FeO,  MnO,  CaO, 
ZnO  and  Al^O,  may  be  taken  as  forming  from  90  to  g$%  of  the 
slag,  except  when  much  MgO  or  BaO  is  present  The  action 
of  alumina  in  these  slags  has  been  the  subject  of  much  specula- 
tion and  discussion  and  more  exact  information  on  this  important 
question  is  needed.  In  the  highly  ferruginous  slags  of  the  lead 
and  copper  smelter  alumina  usually  plays  the  part  of  an  acid,  but 
slags  are  occasionally  encountered  in  which  the  alumina  is  pres- 
ent as  a  base. 

The  specific  gravity  of  the  slag  is  an  important  point.  The  loss 
of  silver  and  copper  in  the  slag  will  depend  largely  upon  the  dif- 
ference in  specific  gravity  of  the  matte  and  slag.  The  specific 
gravity  of  the  ordinary  matte  may  be  stated  as  from  5.0  to  5.5, 
whilst  that  of  the  slag  is  from  3.5  to  3.75.  It  is  essential  that  a 
considerable  difference  in  specific  gravity  (1,75  about)  should  ex- 
ist between  the  matte  and  slag  in  order  that  a  good  separation 
may  be  affected.  Of  course,  the  greater  the  difference,  other 
things  being  equal,  the  more  perfect  the  separation. 

Second.  The  furnace  charges  must  be  arranged  so  as  to  use  up 
the  ores  on  hand  and  the  daily  supply  in  about  the  proportions  in 
which  they  exist.  This  requires  that  the  ore buycr.orminc super- 
intendent, and  the  metallurgist  should  keep  in  touch  with  each 
other  and  be  familiar  with  the  requirements  of  each. 

Third.  The  charges  must  be  calculated,  as  near  as  possible,  so 
that  the  resulting  matte  will  be  of  the  proper  grade  for  shipment  or 
for  its  further  metallurgical  treatment  at  the  works.  This  is  fre- 
quently a  question  of  great  importance,  as,  for  example,  suppose 
the  matte  is  to  be  treated  for  blister  copper  by  bessemerizing  at 
the  works.     In  the  United  States  it  has  not  so  far  proven  profita- 
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ble  to  bessemerize  mattes  containing  much  less  than  50  %  cop- 
per. When  the  matte  is  shipped  to  a  distant  refining  works 
for  further  treatment  the  freight  and  refining  charges  are  items 
which  cannot  be  disregarded  in  the  calculation  of  what  will  be  the 
most  profitable  grade  of  matte  to  produce.  The  percentage  of 
copper  in  the  furnace  charge  and  the  fall  of  matte  will  also  have 
an  influence  on  the  loss  of  silver  and  copper  in  the  smelting 
operation. 

Fourth.  The  amount  of  sulphur,  arsenic  and  antimony  which 
will  be  volatilized  in  smelting  is  of  the  greatest  importance  and 
upon  this  many  of  the  other  questions  will  depend  to  a  large  ex- 
tent. This  has  a  direct  influence  on  the  rate  of  concentration, 
the  grade  of  the  matte  and  the  consumption  of  fuel,  all  questions  of 
vital  importance.  This  factor  is  extremely  variable  the  amount 
volatilized  being  from  8  %  in  ordinary  matte  smelting,  to 
probably  90%  in  true  pyritic  smelting.  It  depends  upon  the 
construction  and  operation  of  the  furnace  and  upon  the  phys- 
ical and  mineralogical  character  of  the  ores.  Depending  upon  so 
many  variable  considerations  it  is  impossible  to  formulate  any  rule 
which  will  serve  as  more  than  a  guide  in  the  calculation.  A  safe 
rule  can  only  be  arrived  at  after  the  furnace  has  been  in  operation 
for  some  time  and  after  numerous  experiments  have  been  made. 
Even  then  no  absolute  rule  can  be  formulated  as  conditions  will 
necessarily  vary  from  time  to  time.  In  connection  with  this  ques- 
tion it  should  be  remembered  that  for  pyritic  smelting  the  amount 
of  sulphur  consumed  by  oxidation  must  be  large.  True  pyritic 
smelting  requires  at  least  65  ^{i  of  pyrites,  or  equivalent  sulphides 
or  arsenides,  on  the  furnace  charge  in  order  that  suffiicient  heat 
may  be  generated  to  smelt  the  mixture.  It  is  true  that  partial 
pyritic  smelting  is  successfully  carried  on  with  a  smaller  per- 
centage of  pyrites,  using  carbonaceous  fuel  in  the  furnace,  and 
limestone  as  a  flux  to  supply  the  deficiency  in  basic  elements  on 
the  charge. 

Fifth.  The  character,  or  chemical  composition,  of  the  resulting 
matte  must  be  considered.  This  will  depend  upon  the  mineral- 
ogical character  of  the  ores,  the  volatilization  of  sulphur,  arsenic, 
antimony,  zinc  and  lead,  the  operation  of  the  furnace  and  the  char- 
acter of  the  resulting  slag.  As  these  are  all  variable  no  exact  rule 
can  be  formulated  for  the  determination  of  this  question.  Until 
the  works  have  been  in  operation  for  a  sufllicient  time,  so  that  the 
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question  can  be  settled  by  frequent  analyses  of  the  matte,  the  fol- 
lowing rule  will  serve  as  a  guide: 

1.  From  the  total  3,  As  and  Sb  on  the  chaise,  deduct  such 
amount  as  will  probably  be  volatilized  (in  ordinary  matte  smelting 
this  may  be  taken  as  io%].  The  balance  is  to  be  considered  as 
S,  etc.,  available  for  matte. 

2.  Calculate  all  of  the  copper  present  to  CujS. 

3.  Calculate  three-quarters  of  the  lead  present  to  PbS. 

4.  Calculate  one-half  of  the  zinc  present  to  ZnS. 

5.  Calculate  the  remainder  of  the  available  sulphur  to  FeS. 
These  sulphides  will  usually  constitute  from  90  to  95  ^  of  the 

matte.  The  remainder  will  be  slag  mechanically  mixed  with  the 
matte,  probably  metallic  iron,  and  other  sulphides,  arsenides  and 
antimony  compounds.  The  matte  may  also  contain  sulphides  and 
arsenides  other  than  the  simple  ones  enumerated.  The  true  com- 
position of  matte  has  never  been  accurately  determined  and  a 
thorough  investigation  of  the  subject  would  be  of  great  benefit  to 
modern  metallurgy. 
The  calculation  is  illustrated  by  the  following  example : 


Analysis  of  Roasted  Ore. 


Zn 
Pb 
S 


■  25% 
-  46^ 

■4-5?£ 
.  3% 
.     7fc 


Assuming  that  10^  of  the  sulphur  will  be  volatihzed,  we  have 
6.3  parts  of  sulphur  available  for  matte  in  each  100  parts  of  ore. 


Mol.  Wt.  Cuj 

126 
At.  Wt.  Pb 

207 
At.  Wt.  Zn 
65 


Mol.  Wt  CujS  =  Parts  Cu 
158  =  10 

Mol.  Wt.  PbS    =   }i  Parts  Pb 
239  =        2.25 

Mol.    Wt.  ZnS  =   %  Parts  Zn 
97  =         2.2s 


Parts   Cu^. 

12.54. 
Parts  PbS. 

2.59. 

Parts  ZnS. 

2-35- 


The  sum  of  these  sulphides  is  18.48  parts.     This  less  the  sum  of 
the  metals  (I4>5)  leaves  3.98  parts  of  sulphur,  which  combine  with 
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the  Cu,  Pb  and  Zn,  leaving  (6.3—  3.98)  2.32  parts  of  sulphur  to 
combine  with  the  iron. 

At.  Wt.  S  :  Mol.  Wt.  FeS  =  Parts  S  :  Parts  FeS. 
33        :  88  =       2.32    :         6.38. 

If  we  assume  that  the  C^,  FeS,  PbS  and  ZnS  constitute  90% 
of  the  matte,  for  the  parts  of  matte  produced,  we  have 

0.9  ' 

and  for  the  percentage  of  copper  in  the  matte 

27.6  :  10=  100  ;  x\  x=  36.2%. 

This  figure  is  too  high,  as  no  allowance  has  been  made  for  loss 
of  copper  in  the  slag. 

The  next  step  in  the  calculation  is  to  determine  whether  sufficient 
iron  is  present  to  form  a  good  slag.  For  iron  available  for  slag  we 
have  46  —  (6.38  —  2.32)  or  41.94  parts,  which  is  equal  to  53.9 
parts  FeO.  If  we  assume  that  the  SiO,  and  FeO  constitute 
90%  of  the  slag,  we  have 

^^-^^-^^=89.66  parts  of  slag  produced. 

Its  composition  is  as  follows :  - 


S7.66 

53-9  +  100 

87.66 


=  6l.s%FeO. 


This  shows  the  resulting  slag  to  be  somewhat  high  in  iron  and 
low  in  silica.  This  might  be  obviated  by  leaving  more  sulphur  in 
the  roasted  ore,  which  would  result  in  a  larger  amount  of  iron  going 
into  the  matte,  or  should  silicious  ores  be  available,  sufficient  silica 
in  the  form  of  ore  could  be  added  to  produce  a  slag  of  the  proper 
composition.  The  necessary  fuel  to  be  added  to  the  charge  will 
also  supply  some  of  the  deficient  silica. 

Sixth.  The  furnace  charge  should  have  the  proper  weight,  which 
will  depend  principally  upon  the  size  of  the  furnace  and  somewhat 
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upon  the  character  of  the  ores.  The  weight  of  the  charge  will 
have  a  direct  bearing  upon  the  practical  working  of  the  furnace. 
It  will  vary  from  2,000  to  4,000  pounds  according  to  the  conditions, 
the  proper  weight  having  to  be  determined  by  actual  experiment 
in  each  individual  case. 

Seventh.  The  amount  of  fuel  to  be  added  to  the  charge  and 
the  amount  and  composition  of  its  ash  are  important  points.  The 
amount  necessary  will  depend  upon  its  character,  the  character  of 
the  ores,  the  composition  of  the  slag  and  the  operation  of  the  furnace. 
In  ordinary  matte  smelting,  where  only  a  small  percentage  of  the 
sulphur  present  is  volatilized,  from  10  to  15%  of  good  coke 
will  be  rtquired.  By  fuel  percentage  is  understood  a  percentage  of 
the  ore  and  6ux  chaise.  This  estimate  is  based  upon  a  good, 
firm,  porous  coke  containing  about  lifo  ash.  As  the  per- 
centage of  ash  increases,  or  the  quality  of  the  coke  deteriorates, 
the  amount  used  must  be  increased.  As  the  amount  of  sulphur, 
arsenic  or  antimony  volatilized  increases,  the  percentage  of  carbo- 
naceous fuel  required  decreases,  until  in  the  case  of  true  pyritic 
smelting  no  carbonaceous  fuel  is  added  to  the  charge,  the  combus- 
tion of  the  sulphur,  arsenic,  etc.,  together  with  the  hot  blast  intro- 
duced at  the  tuyeres,  supplying  the  necessary  heat  units. 

Eighth.  The  loss  of  gold,  silver  and  copper  in  the  smelting 
operation  demands  consideration.  These  losses  will  vary  according 
to  the  grade  and  character  of  the  ores  and  matte,  the  character  of 
the  slag,  the  operation  of  the  furnace,  and  the  facilities  provided 
for  the  collection  of  flue  dust  and  fume.  In  true  pyritic  smelting, 
the  operation  being  one  of  oxidation,  the  losses  will  be  greaterthan 
in  ordinary  matte  smelting  where  the  action  is  reduction.  The 
presence  of  copper  in  the  charge  will  have  a  marked  effect  on  the 
gold  and  silver  losses,  even  small  amounts  having  a  marked  ten- 
dency to  increase  the  concentration  of  the  precious  metals  in  the 
matte.  In  ordinary  matte  smelting  the  loss  in  gold  should  be 
practically  nil  and  the  silver  loss  should  not  exceed  S%  of 
the  assay  value  of  the  ore.  The  copper  loss  will  depend  princi- 
pally upon  the  amount  and  character  of  the  slag  produced.  With 
ordinary  mattes,  containing  as  much  as  40%  copper,  a  good 
slag  should  not  contain  over  0.6%  copper.  Under  excep- 
tional commercial  conditions  it  may  prove  profitable  to  make  slags 
assaying  considerably  higher,  but  in  good  work,  and  under  ordi- 
naiy  conditions,  the  slags  rarely  exceed  0.5%.     The  amount 
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of  zinc  present  may  largely  effect  the  gold  and  silver  losses.  The 
zinc  oxide  which  is  volatilized  invariably  carries  off  mechanically 
both  gold  and  silver.  These  losses  may  be  reduced  by  the  intro- 
duction of  proper  dust  and  fume  saving  apparatus,  but  cannot  be 
entirely  obviated.  Zinc  also  makes  bad  slags  and  hence  increases 
the  loss  of  gold,  silver  and  copper  in  the  slag.  The  production  of 
a  matte  of  as  high,  and  a  slag  of  as  low,  a  specific  gravity  as 
possible,  and  the  use  of  efficient  settling  and  separating  apparatus 
will  also  largely  determine  the  losses. 

The  calculation  of  the  charge  is  illustrated  by  the  following  ex- 
amples : 

Example  No.  i.  The  works  have  a  smelting  capacity  of  300 
tons  per  24  hours.  Ore  A,  which  is  roasted,  is  practically  unlim- 
ited in  quantity  coming  from  mines  belonging  to  the  smelting 
company.  Ore  B  can  be  purchased  to  the  extent  of  75  tons  per 
day  and  at  a  fair  profit.  The  matte  is  shipped  and  sold  to  refin- 
ers.    The  assay  of  the  ores  is  as  follows : 


C«.  I  SiO,%l  Fe% 


3 

S%,AI,0.% 

c«o% 

Ag.                Au. 
Ozi.  per  EodJOzs.  per  ton. 

15                  0.5 

'1  "  i  " 

SO                0.1 

u 

!  " 

• 

Assuming  that  we  will  smelt  about  250  tons  of  ore  A  and  50 
tons  of  ore  B  per  day,  and  want  a  furnace  charge  of  about  3000 
pounds  we  have,  for  pounds  of  each  constituent  of  the  charge : 


Ore. 

S.O. 

lb.. 

Felbs. 

A 

6.5 
"SO 

1150 

B 

'5 

Coke 

>: 

4 

Total 

S97 

"79 

Pb 
b*. 

Zn 

lbs. 

75 

siu'-^^. 

C«0 

lbs. 

0«. 

A. 

On. 

An     1 

7S 

'7S  1 

..75 

o.6,s  1 

10     so 

60 

i».SO 

0.035  ; 

1 

7 

4 

0.650 

75  1   75 

'85      S7 

64 

3'.a5 
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126: 

158  =  265 

207: 

239  =    50 

65: 

97  =    37-S 

352.5 
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Assuming  that  10  %  of  the  sulphur  is  volatilized,  we  have  166.5 
pounds  of  sulphur  available  for  matte.  Calculating  the  copper  to 
Cu^,  two-thirds  of  the  lead  to  PbS  and  one-half  of  the  zinc  to 
Zns,  we  have 

=  332-3  lbs-  Cu,S 
=  57.7  lbs.  PbS 
=    55.9  lbs.  ZnS 


and  445.9 — 352.5=93.4  pounds  of  sulphur  combining  with  the 
Cu,  Pb  and  2n.  This  leaves  (166.5 — 93-4)  73'  pounds  of  sulphur 
to  be  calculated  to  FeS.     We  have 

32:  88  =  73.1 :/;  /=  201  lbs.  FeS. 

Hence  for  iron  available  for  slag  we  have  1 179 —  (201  —  731)  ^ 
1,051  pounds.  As  some  zinc,  lead,  copper,  and  small  amounts  of 
other  elements  which  are  usually  present,  pass  into  the  slag  the 
SiO,.  FeO,  CaO  and  AI^O,  will  usually  form  about  93  fo  of  the 
slag  constituents.  Hence  we  have  for  the  pounds  of  slag  pro- 
duced per  charge : 

897+  io5iX^-f-S7  +  64 

iS^^^ =2547. 

The  composition  or  the  slag  will  be  as  follows; 

89;  xjoo 
"  2547 

'3S'X.'00  =  S3.o%FeO. 
2547 

57_XJOO     ^3.jjAIA. 
2547 

This  slag  should  run  well  and  give  a  good  separation  of  matte, 
but  is  somewhat  high  in  iron  and  low  in  silica.  Should  a  more 
add  slag  be  desirable  it  may  be  obtained  by  slightly  increasing 
the  amount  of  ore  B. 
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Before  calculating  the  amount  and  the  composition  of  the  re- 
sulting matte  it  is  necessary  to  make  allowance  for  the  loss  of  cop- 
per in  the  slag.  Assuming  the  resulting  slag  will  assay  0.4  ^o 
copper,  we  have  10.2  pounds  of  copper  to  deduct  from  the  total 
copper  present,  the  remainder  being  that  going  to  form  matte. 
This  is  equivalent  to  12.7  pounds  of  Cu^.  If  we  assume  that  the 
CujS,  PbS,  ZnS  and  FeS  form  93  %  of  the  matte,  we  have 


(445-9— '2-7)+  201 


=  682  lbs.  of  matte. 


The  percentage  of  copper  in  the  matte  is 
(26s  —  10.2)  X  100 

■      -mh =  37-3  f.. 

Allowing  for    a  smelting  loss  of  5%  silver  and  \fo  gold,  we 
have,  for  the  as.^ay  of  the  matte  : 

29.6875  X  2000       „      ,  . 

mi  ~ =  87.06  ozs.  Ag  per  ton. 


0.6435  X  2000  _ 
"68z 


!.  Au  per  ton. 


Example  No.  2.  We  have  the  following  ores  to  smelt,  the  ca- 
pacity of  the  works  being  300  tons  per  day.  Ore  A  is  purchased 
at  a  small  profit  and  Stall  roasted.  Ores  B  and  C  are  purchased 
at  a  good  profit,  and  whilst  ore  C  is  a  heavy  sulphide  the  local  con- 
ditions are  such  that  it  would  be  inadvisable  to  roast  it  The  matte 
is  shipped  and  sold  to  refiners.     The  ores  assay  as  follows  : 


Ore 

SiO,^ 

F«!S 

11 

1            1 

1      ..  . 

Zn^ 

Ots.perdcu. 

Au. 
Ozs.peTton. 

A 

10 

S5 

^aL.... 

i 

5 

0.3 

B 

90 

S 

. 

4 

6 

'5 

1.0 

C 

«5 

*s 

5 

3S     1      S 

«, 

0-5 

Assuming  that  we  smelt  200  tons  of  ore  A,  50  tons  of  ore  B 
and  50  tons  of  ore  C  per  day  and  wish  about  3000  pounds  on  the 
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furnace  charge,  we  have,  for  the  pounds  of  the  different  constituents 
on  the  charge : 


Ore 

SiO, 

lbs. 
F« 

lbs. 
Cu 

lbs.     Ibi     lbs. 
S      CaO     Pb 

Zn 

Ois. 
As 

Au 

Pounds  per 
ch«i«e. 

A 

300  ,  iioo 

240 

140 

— 

- 

3-75 

ajoo 

3OO0 

B 

45° 

«S 

5 

o-aso 

50° 

C 

7S 
7*5 

"S 

370 

'7S 
3>S 

35  1    30 

30 
30 

5.00 

0.135 

500 

Tolal 

1350 

.5 

" 

>3-7S 

0.67s 

3000 

Calculating  the  Cu  to  CujS,  one-half  the  Zn  to  ZnS,  two-thirds 
of  the  Fb  to  PbS  and  assuming  that  80%  of  the  sulphur  is  available 
for  matte,  we  have 

CujS  pounds 3385 

PbS        '■         15.3 

ZnS        "         22.4 

FeS        "        4;8-8 

855^ 

Which  leaves  1215  pounds  of  FeO  available  for  slag.  If  the 
SiO„  FeO  and  CaO  form  90%  of  the  sIj^  we  will  have  2,183 
pounds  of  slag  produced  per  charge  and  its  composition  will  be : 

SiO, 33.2% 

FeO SS.6% 

CaO 1.2% 

This  slag  is  slightly  basic  hence  the  weight  of  ore  B  might  be 
increased  to  advantage.  Using  700  of  ore  B,  we  will  have  2,397 
pounds  of  slag  produced  per  charge  and  its  composition  will  be : 

SiO, 37.8% 

FeO Si.1% 

CaO 1.1% 

If  the  slag  assays  0.5%  copper  and  the  Cu,S,  PbS,  Zns  and  FeS 
constitute  93%  of  the  matte,  the  percentage  of  copper  in  the  matte 
should  be  27.4.  It  should  assay  32.6  ounces  silver  and  r.72 
ounces  gold  per  ton,  assuming  a  5  %  silver  loss  and  no  loss  in  gold. 
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Example  No.  3.  It  is  desired  to  erect  a  plant  for  the  concentra- 
tion of  the  copper  and  silver  contained  in  an  ore  of  the  composi- 
tion given  into  a  matte  for  shipment.  Upon  roasting  at  a  cost  of 
$\.  per  ton  the  ore  yields  a  product  of  the  composition  shown.  With 
coke  at  $%.  per  ton  the  estimated  cost  of  ordinary  matte  smelting 
of  the  roasted  ore  is  ^4.  per  ton,  and  the  estimated  cost  of  pyritic 
smelting  of  the  raw  ore  is  ^3.25  per  ton.  Freight  to  the  refining 
works  on  each  ton  of  matte  is  ^10.  Which  will  be  more  profitable, 
ordinary  matte  or  pyritic  smelting? 

Raw  Ore.  Roasted  Ore. 

SiOj IS    % 17-5% 

Fe 34    ftf 39.6% 

Cu 4.1% 4.7% 

CaO 3    fo 3-5% 

S 40    % 7    <fo 

Ag 200ZS 230ZS. 

One  ton  of  raw  ore  yields  i  ,720  pounds  of  roasted  product. 
We  will  assume  that  in  ordinary  matte  smelting  90%  of  the  sul- 
phur will  pass  into  the  matte,  while  in  pyritic  smelting  only  20% 
of  the  sulphur  is  available  for  matte.  Calculating  the  chaises 
as  before  and  assuming  that  the  CujS  and  FeS  constitute  95^ 
of  the  matte  and  that  the  SiOj,  FcO  and  CaO  constitute  95%  of 
the  slag,  we  have,  . 

Fyiitic  Smelting.  Matte  Smelting. 
Matte  produced  per  ton  of  crude  ore,  511  pounds.  361  pounds. 
Slag  "  "  "        "     969       "  1092       " 

Copper  in  matte, ^S-^fo    ....  21.65^ 

Cost  of  smelting  per  ton  of  crude  ore,  ^3.25      ....  ^3.44 

"     "  roasting        "  ..        .1  ....  ^i.oo 

Freight  on  matte      "  "        "      $2.55      .    .    .    .^1.82 

Total  cost $5 ,80     ....  $6.26 

The  slags  will  have  the  following  composition: 

From  Pyritic  Smelting.     From  Matte  Smelting. 

SiO, 30.9% 27.49^ 

FeO 57.9% 62.0^ 

CaO 6.2% S-6% 
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The  slag  resulting  from  pyritic  smelting  is  somewhat  the  best 
and  should  give  a  better  separation  of  matte  than  that  resulting 
from  the  matte  smelting  operation.  Taking  this  fact,  and  also  the 
loss  of  silver  in  roasting,  into  consideration  the  total  losses  will 
probably  be  about  the  same  by  either  operation.  With  such  an 
ore,  under  the  conditions  given,  pyritic  smelting  would  appear  to 
be  the  cheapest  process.  However  the  difference  of  I0.46  per  ton 
in  favor  of  pyritic  smelting  would  probably  be  more  than  offset  by 
the  refining  charges  on  the  increased  amount  of  matte  and  in  con- 
sequence of  its  lower  grade. 


A  SIMPLE  APPARATUS  FOR  THE  MEASUREMENT  OF 

THE  INDICES  OF  REFRACTION  OF  SMALL 

CRYSTALS  BY  THE  METHOD  OF 

TOTAL  REFLECTION. 

Bv  A.  J.  MOSES  AND  R  WEINSCHENK, 

Although  the  determination  of  indices  of  refraction  by  the  method 
of  total  reflection  requires  only  one  natural  or  ground  surface  par- 
allel to  an  axis  of  elasticity,  and  although  the  method  is  applicable 
even  to  twin  crystals,  or  those  showing  parallel  growths  of  different 
refractive  power,  provided  only  that  the  surface  layer  is  homoge- 
neous, yet  the  method  is  not  generally  employed  by  mineralogists 
because  the  lai^e  and  perfect  crystal  surfaces  required  rarely  occur 
and  can  be  prepared  only  from  a  few  minerals. 

Of  the  two  general  methods  the  Kohlrausch  employs  a  liquid 
of  higher  index  of  refraction  than  the  substance  tested,  and,  from 
variations  in  the  liquid  and  the  difficulty  of  exact  orientation  of 
the  surface,  is  only  applicable  for  approximate  determinations ;  the 
other  method,  the  WoUaston,  which  substitutes  a  surface  of  polished 
glass  of  high  index  of  refraction  with  a  drop  of  strongly  refracting 
liquid  interposed  between  the  glass  and  mineral  to  displace  the 
thin  layer  of  air,  permits  of  the  determination  of  higher  indices  and 
is  independent  of  the  variations  in  the  liquid  employed,  but  re- 
quires laige  surfaces  and  the  manipulation  is  difficult  and  tedious. 

The  problem,  therefore,  is  to  provide  an  apparatus  easily  ma- 
nipulated, accurate  and  rapid  in  adjustment,  not  hijuriously  affected 
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by  the  heat  of  the  flame  used,  and  available  for  small  faces  ;  these 
advantages  we  claim  for  the  apparatus  here  described  and  figured. 


The  apparatus  is  constructed  as  an  attachment  to  the  Fuess  No.  2 
Goniometer.  Figs,  l  and  2  show  the  crystal  carrier,  the  pin  a  fits 
in  place  of  the  pin  of  the  usual  crystal  plate  of  the  instrument 
the  collar  b  insures  a  firm  bearing  and  provides  space  below  c  for 
the  rimmed  asbestus  plate,  shown  in  Fig.  5,  forming  the  bottom  of 
the  box.  The  brass  piece  c  carries  a  bent  steel  rod  d,  the  vertical 
upper  portion  of  which*  has  the  section  shown  at  m.  Upon  d  slides 
the  horizontal  arm  h  which  may  be  clamped  at  any  desired  height 
by  the  screw  i.  Through  the  arm  h  passes  a  vertical  rod  e  which, 
by  loosening  the  screw  k.  may  be  turned  as  desired,  e  is  split  verti- 
cally from  below,  and  one  side  is  made  longer  than  the  other,  and 
bent  as  shown  at  g  to  serve  as  a  carrier  for  the  control  mineral. 

The  mineral  to  be  tested  is  fastened  to  the  little  square  plate/, 
and  the  pin  of  this  is  thrust  into  a  hole  in  the  split  rod  e,  which  holds 
it  as  in  a  spring  and  it  can  be  easily  turned  in  its  own  plane  as 
desired.  The  plate/and  the  end^  are  cross  hacked  for  the  better 
adhesion  of  the  mineral. 

The  little  glass  vessel  B,  (Figs.  I  and  3) -for  holding  the  refract- 
ing liquid,  consists  of  a  plane  parallel  glass_  front  glued  f  to  a  little 
cylinder  which  has  been  ground  off  to  fit.  it.  The  vessel  is  sup- 
ported by  the  metal  arm  A  (Fig.  3)  which  .is  attached  to  the  sup- 
porting column  of  the  observation  telescope  by  a  screw  and  two 
little  pegs. 

*  In  a  tecond  apparatus  da  made  straight  and  h  longer. 
f  A  solution  of  isinglass  in  acetic  acid  resists  the  solvent  action  of  the  liquid* 
rery  well 
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Fig.  3. 

It  is  essential  that  the  centre  or  this  vessel  shall  be  closely  in 
the  centre  of  rotation  and  that  the  front  plane  surface  shall  be  ac- 
curately and  permanently  perpendicular  to  the  axis  of  the  telescope. 
This  adjustment  is  made  as  follows:  In  Fig.  4  the  larger  circle 
represents  the  Fuess  instrument  and  the  smaller  circle  the  vessel. 
The  collimator  is  at  A.  The  distance  from  the  centre  of  the  vessel 
^  to  the  plane  front  is  measured,  and  a  plate  of  glass 

0  (conveniently  a  cover  glass)  is  fastened  vertically  on 
the  crystal  plate  of  the  Fuess  instrument,  centered 
■  and  then  made  eccentric  a  distance  equal  to  that 
measured.  The  telescope  is  then  clamped  oppo- 
site the  collimator,  the  plate  turned  to  some  posi- 
Rc-4-  tion  a  b  and  a  reading  made.  Then  with  the  circle 
clamped  the  telescope  is  turned  til!  the  signal  from  the  glass  plate 
is  visible  (/.  e.,  to  B)  then  further  through  an  arc  BC  equal  one- 
half  the  supplement  of  the  measured  angle  and  there  clamped. 
With  another  telescope  not  attached  to  the  apparatus  the  signal 
from  ab\s  again  found,  the  glass  plate  removed,  the  arm  screwed 
on,  the  vessel  glued  to  it  and  during  the  hardening  of  the  glue  the 
vessel  adjusted  so  that  a  signal  from  its  plane  front  reaches  the 
auxiliary  telescope  and  its  centre  is  approximately  in  the  centre  of 
rotation. 

A  disc  of  metal  pierced  for  the  rod  e  may  be  used  as  a  cover 
for  the  vessel,  the  upper  edge  of  which  is  then  smeared  with 
grease,  but  it  does  not  appear  to  materially  affect  the  results. 

For  maintaining  a  fairly  constant  temperature  unaffected  by  the 
mass  of  metal  in  the  Fuess  instrument,  the  crystal  carrier  and  the 
^ass  vessel  are  covered  by  a  cylindrical  box  Fig.  5  of  asbestus 
lined  with  thin  card.  The  box  is  pierced  at  the  top  by  a  ther- 
mometer reading  from  0°  to  56°C.  At  the  proper  height  an 
opening  is  made  for  the  telescope  and  another,  extending  over 
half  way  around,  for  the  admission  of  light.  The  latter  opening  is 
covered  with  a  glass  which  is  curved  to  fit.  The  box  is  held  in 
position  by  a  metal  band  and  arm  which  clips  the  telescope  as 
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shown  in  Fig.  5.  Beneath  the  box  and  serving  as  a  bottom  is  a 
round  plate  of  asbestus  paper  with  a  rim,  it  rests  npon  the  centre- 
ing apparatus  below  c  Fig.  i.  The  space  between  the  rim  and 
box  is  packed  with  asbestus  or  cotton  wool. 

The  process  of  measuring  is  as  follows :  The  apparatus  is  ar- 
ranged by  the  eye  so  that  the  necessary  rotation  can  be  secured 
and  so  that  the  crystal  face  is  approximately  oriented,  then  the 
exact  adjustments  are  made  by  the  Fuess  telescope  and  centering 
screws.  The  little  vessel  is  then  filled  with  the  refracting  liquid, 
the  asbestus  box  fixed  in  position,  the  light  adjusted,  the  total  re- 
flection boundary  found  and  brought  to  coincidence  with  the  cross 
hairs  and  the  apparatus  left  with  all  lights  burning  for  one-half  hour 
as  the  readings  are  valueless  until  the  approximately  constant  tem- 
perature has  been  attained.  The  boundary  is  then  recentered  and 
a  reading  made.  The  readings  are  repeated  at  intervals  until 
constant,  then  the  light  is  moved  to  the  other  side  and  the  other 
readings  obtained.  The  control  mineral  (^  Fig.  i)  is  then  raised 
into  the  field,  centered  and  adjusted  accurately  without  in  any  way 
disturbing  the  vessel  or  asbestus  box  and  the  readings  for  this  are 
obtained  in  the  same  manner. 

From  these  readings  the  index  of  refraction  of  the  mineral  tested 
is  calculated  directly  by  the  simple  formula : 
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ID  which 

f  =  half  the  angle  of  rotation  of  the  mineral  tested. 
F  =    "     "        "      "         ■'        "     "    control  mineral, 
w*  =  index  of  refraction  of  the  control  mineral. 

The  refracting  liquid  used  may  be :  Thoulet  solution,  Rohrbach 
solution,  a  mono-Bromnapthalin,  Methylene  iodide  alone  or  satu- 
rated with  iodoform  or  sulphur,  or  any  other  sufficiently  stable  and 
transparent  liquid  the  index  of  refraction  of  which  is  higher  than 
that  of  the  mineral  to  be  tested. 

For  a  control  mineral  fluorite  is  very  suitable  as  its  refraction  has 
been  very  carefully  determined,*  and  further,  as  it  is  isotropic,  has 
a  low  index  of  refraction  and  is  easily  obtained. 

We  claim  that  the  apparatus  has  the  following  advantages:  1°. 
A  rapid  and  accurate  adjustment  first  by  the  eye  then  by  the  Fuess 
telescope  and  adjusting  screws.  2°.  That  the  asbestus  box  makes 
possible  the  maintenance  of  a  constant  temperature.  3°.  That  by 
the  use  of  a  control  mineral  the  errors  due  to  variations  in  the 
liquid  are  eliminated.  4°.  That  very  smalt  faces  can  be  used  be- 
cause there  is  very  little  light  lost  and  there  are  no  interfering 
boundaries  from  other  surfaces. 

As  proof  of  the  justice  of  these  claims  we  submit  the  following 
examples : 

A  prism  face  on  a  quartz  crystal  from  Middleville,  N.  Y.,  with 
an  area  of  two  square  millimeters,  tested  in  methylene  iodide 
(CH,I,)  with  the  sodium  flame  gave. 

Time  of  Observalion.  Temperature.  Reading. 

8.3s  adjusted.  * 

9.0s  29°  t  262"  sc/.s 

"  28.7  0,  261  49.5 

9.3s  28.2  t  262  30 

"  28.  w  261  49 

28  *  13s  40 

28.2  «.  13-6  18.5 

10.00  30  t  13s  37 

29.8  «.  136  17 
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From  this  resulted  ?,=  116°  35'     C  =  117°  114'^. 

The  control  mineral  (Fluorite)  yielded  F=  124°  20' J^  and  as- 
suming the  index  of  refraction  with  sodium  flame  to  be  1^3390 
and  substituting  in  the  formula 

r=  1.5530    <«=  1.5438 

These  results  compare  well  with  the  best  of  those  by  the  prism 
method. 

To  test  the  accuracy  with  very  small  faces  a  narrow  face  of  a 
little  quartz  crystal  from  the  Scheelite  locality  at  Riesengrund  was 
tried.  The  face  was  approximately  I  J^X  %  mm.  and  fairly  bright 
From  this  we  obtained 

(.  =  116°  41  «^  C=  "7°  22>^ 
from  which  resulted 

.^  1.551S     «,=  1.5420. 

Results  sufficiently  close  to  be  satisfactory,  though  not  equal  to 
those  from  the  larger  surface. 
Munich,  February  27,  1896. 


WALL  ACCRETIONS  OF  LEAD  BLAST  FURNACES. 
By  MALVERN  W.  ILES. 

In  the  metallurgical  treatment  of  all  metals  in  furnaces  designated 
as  blast  furnaces  or  cupola  furnaces,  there  will  ultimately  be  found 
accumulations  upon  the  side-wall  of  these  furnaces.  The  rapidity 
with  which  these  accretions  occur,  varies  very  greatly,  in  accord- 
ance with  the  nature  of  the  substances  treated,  and  the  manner  of 
conducting  the  work.  Generally  speaking,  such  substances  which 
are  found  to  be  volatile  or  which  are  susceptible  of  sublimation 
from  the  internal  heat  of  the  furnace,  are  most  prone  to  cause  these 
obstructions  which  are  known  by  the  lead  smelter  as  "  hangings." 

There  never  has  been  discovered  anything  which  will  prevent 
these  furnace  hangings,  and  from  the  very  nature  of  things  there 
never  will  be,  since  all  metals  and  metalloids,  when  subjected  to 
certain  given  conditions,  such  as  the  reducing  influences,  likewise 
the  oxydizing  influences  of  a  blast  furnace  will  always  deport  them- 
selves in  accordance  with  certain  immutable  laws  of  chemistry. 
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Much  thought  and  experimentation  has  been  given  to  these  wall 
accretions  by  metallurgists  with  a  view  of  entirely  preventing 
them ;  this  will  never  be  done  in  the  opinion  of  the  writer,  since  it 
necessarily  involves  a  change  in  the  laws  of  Nature. 

We,  however,  have  this  subject,  to  a  certain  extent  under  our 
control,  and  we  can  increase  or  decrease  these  troubles  by  a  proper 
comprehension  of  the  subject. 

By  a  careful  examination  into  the  causes  which  produce  these 
so-called  hangings,  we  are  led  to  make  the  following  statements 
with  reference  thereto ;  Zinc,  in  its  various  forms  and  combina. 
tions,  is  one  of  the  chief  causes  of  these  accumulations.  Generally 
speaking,  by  an  increase  in  the  amount  of  zinc,  we  will  increase  our 
troubles;  yet  certain  salts  of  zinc  are  more  troublesome  than  others, 
for  example,  the  carbonate  of  zinc  gives  the  least  trouble,  whilst  the 
sulphide  of  zinc  gives  the  most  trouble;  particularly  is  the  sulphide 
troublesome  when  associated  with  galena  and  in  a  fine  state  of 
division. 

All  substances  which  produce  these  hangings  increase  the  rapidity 
of  the  hanging  according  to  the  sise  of  tfie  particles,  the  finer  the 
particle  the  more  rapid  will  the  hangings  grow  or  accumulate. 

Zinc  occurs  in  these  hangings  nearly  always  as  a  sulphide,  yet 
in  the  lower  portions  of  the  furnace,  where  there  is  a  direct  in- 
pingement  of  the  blast,  it  is  common  to  find  a  certain  limited 
amount  of  zinc  oxide. 

The  amount  of  zinc  which  occurs  in  these  hangings,  according 
to  the  experience  of  the  writer,  for  a  period  of  seventeen  years,  and  . 
which  includes  a  great  variety  of  forms  in  the  furnace,  likewise  a 
great  variety  of  conditions,  has  a  range  of  5.3  to  63.8^. 

The  general  average  of  all  determinations  during  this  period  is 
18.42%. 

This  average  was  determined  by  sampling  down  the  entire 
amount  of  accumulation  which  occurred  upon  the  walls  above  the 
water-jackets  which  rested  upon  the  furnace  crucible. 

Experience  has  shown  that  it  is  not  best  to  use  any  scrap-iron 
upon  heavy  zinc  charges,  since  it  is  well  known  that  heated  metallic 
iron  will  decompose  zinc  sulphide,  and  yet  some  of  the  best  results 
have  been  obtained  by  the  formation  of  slags  containing  consider- 
able iron,  existing  as  a  silicate  of  protoxide. 

Care  should  always  be  taken  to  lessen  the  amount  of  calcium 
oxide,  just  in  accordance  with  the  amount  of  zinc  which  enters  the 
charge. 
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Where  one  is  passing  much  zinc  into  the  slags  as  a  silicate,  con- 
stant watchfulness  is  necessary  to  carry  a  proper  amount  of  the 
alkaline  earths,  and  to  use  extreme  care  not  to  use  too  much. 

One  pound  of  ZnO  is  equivalent  to  0.691  pounds  of  CaO.  That 
is  to  say,  when  one  is  producing  a  slag  composed  essentially  of  a 
silicate  of  iron,  lime  and  zinc ;  then  as  the  zinc  increases  in  amount 
we  should  lessen  the  amount  of  lime,  according  to  the  saturating 
effect  it  has  upon  silicic  acid,  namely,  that  one  pound  of  CaO 
will  saturate  as  much  silica  as  0.691  pounds  of  ZnO. 

It  is  simply  wonderful  how  rapidly  hangings  will  accumulate 
if  one  uses  too  much  alkaline  earths  in  the  presence  of  much  zinc. 

As  zinc  is  the  chief  cause  for  the  hangings  occurring  on  the 
furnace  walls  of  lead  smelters,  we  deem  it  a  matter  of  much  im< 
portance  to  fully  recognize  the  fact,  that  just  as  the  amount  of 
zinc  increases  upon  the  charge,  so  also  should  the  amount  of  lime 
be  lessened  upon  the  charge. 

The  following  little  table  has  been  of  great  aid  to  us,  viz : 

CaO.  Equivalence. 
I  pound  A1,0,  =  1.631  pounds  CaO. 
I  "  MgO  =  1400  " 
I  "  FeiO,=  1.050  " 
I  '■  Zn  =  0.861  " 
I  ■'  FeO  =0.780  " 
I  "  MnO  =0.780  " 
I  "  CuO  =  0.704  " 
I  "  ZnO  =0.691  " 
I     «        BaO  =  0.365     ." 

In  order  to  see  what  are  some  of  the  other  causes  for  furnace 
hangings,  aside  from  zinc,  I  will  give  the  average  of  all  determina- 
tions which  I  have  been  able  to  accumulate  upon  these  barrings. 


7.26  f. 

SiO, 

3.26  " 

Fc. 

1.60  ■ 

Mn. 

330 " 

CaO 

0.90  " 

S. 

8.42  ■ 

Zn, 

0.80  « 

Cu. 
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The  fire  assay  gave  as  a  general  average  of  17  years  tests : 

29.74  °^-  Silver  per  ton  (2000  pounds). 

24.06  fo   Lead. 

0.197  oz-  Gold  per  ton  {2000  pounds). 

By  physical  and  chemical  tests,  we  have  found  the  silica  to  exist 
both  as  free  silicic  acid,  which  has  become  mechanically  lodged  in 
these  hangings,  and  also  some  mechanically  lodged  silicates ;  in 
addition  to  this  the  writer  believes  that  there  is  a  certain  small 
amount  of  silicates  formed  within  the  furnace  which  becomes  baked 
upon  and  into  the  hangings.  The  iron  exists  in  the  hangings  as 
silicate,  oxide  and  sulphide.  The  sulphide  enters  into  the  hang- 
ing as  a  true  constituent  and  is  a  potent  factor  for  the  cause  of 
these  accretions,  whilst  the  silicate  and  oxide  are,  we  believe, 
merely  accidental  or  incidental. 

Manganese  exists  in  the  form  of  a  silicate,  or  ore  which  has  be- 
come entangled  into  the  hanging  by  entering  from  the  top  ledge 
of  the  hanging. 

The  CaO  exists  generally  as  such,  free  and  uncombined ;  there  is 
some  little  lime  existing  as  a  silicate  from  mechanically  lodged  slag, 
but  as  a  sulphide  there  is  the  merest  trace. 

The  sulphur  is  present  chiefly  as  a  suiphide  of  zinc  and  lead,  and 
this  forms  the  main  mass  of  these  hangings.  There  is  always  some 
sulphate  as  a  resultant  of  the  oxidation  of  the  sulphides  of  zinc, 
lead  and  iron.  We  have  already  spoken  of  the  condition  zinc  ex- 
ists in  these  hangings.  Copper  is  small  in  amount  and  does  not 
play  an  important  part,  but  is  known  to  exist  here  both  mechan- 
ically and  chemically  combined,  as  a  resultant  of  the  furnace  action. 

Aside  from  the  elements  which  we  have  determined  as  being  of 
commercial  importance,  there  are  doubtless  many  other  substances 
which  will  present  interest  only  from  a  scientific  standpoint. 

It  is  not  unusual  to  find  in  these  hangings  both  unconsumed 
coke  and  also  charcoal. 

Flue-dust  will  often  completely  cover  these  hangings  at  the  top 
and  under  favorable  conditions  will  become  baked  upon  these 
hangings. 

Cold  walls  primarily  form  or  start  these  hangings,  and  as  the  as- 
cending gases,  whilst  in  a  heated  condition  will  follow  the  paths  of 
least  resistance,  they  will  find  this  path  to  be  along  the  furnace 
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walls.  The  products  of  combustion,  whilst  in  a  gaseous  form,  will 
mingle  with  the  fumes  of  the  metals  and  metalloids,  and  deposit, 
mainly  upon  the  walls,  sulphides  of  zinc  and  lead,  and  these  two 
substances  form  the  nucleus  upon  which  many  other  substances 
become  chemically  and  mechanically  adherent 

The  writer  has  from  time  to  time  observed  a  great  many  curious 
and  interesting  chemical  compounds  in  connection  with  a  study  of 
these  wall  accretions;  possibly  the  moat  interesting  was  the  dis- 
covery of  chloro-bromide  of  lead,  which  showed  by  analysis : 

Pb~63.729% 
Br — 25.321% 
CI— 10.345% 

The  formula  Pb  (Br  CI)  requires  Pb  64  186  and  (Br+Cl)  =35.814. 

This  interesting  substance  was  described  in  1881  in  the  American 
C/temkal  Journal. 

Most  beautiful  iridescent  and  hopper-shaped  crystals  of  sulphide 
of  lead  have  been  frequently  observed  in  these  hangings,  and  we 
have  also  noticed  hollow  tubes  of  chemically  pure  sulphide  of  zinc 
occurring  in  hollow  pockets  cut  out  in  the  hangings  by  means  of 
the  blast 

We  have  also  found  beautiful  specimens,  both  of  realgar  and 
orpiment,  in  a  highly  crystalline  state,  in  the  main  body  of  these 
hangings. 

We  have  already  described  the  different  forms  in  which  these 
hangings  occur,  their  influence  on  the  production  of  an  increased 
amount  of  dust  and  fume,  and  many  other  interesting  facts  bearing 
upon  these  hangings  in  the  Engineering  and  Mining  Journal,  Feb- 
ruary 6,  1886. 

So  far  as  tonnage  of  the  furnaces  is  concerned  these  hangings 
often  lessen  the  tonnage,  and  at  other  times  they  greatly  increase 
the  tonnage,  but  the  amount  of  fume  and  dust  is  always  greatly 
increased.  It  often  becomes  a  very  nice  point  to  decide  when  to 
cut  these  hangings  off,  and  how  much  to  cut  ofT,  and  how  often 
the  operation  is  to  be  performed. 

It  has  been  suggested  that  if  one  coated  the  inner  brick  walls 
with  a  good  heavy  coating  of  graphite  that  the  hangings  would 
not  form  so  rapidly.  The  writer  has  tried  this,  and  has  to  record 
a  complete  failure,  and  one  can  readily  see  that  it  would  only  be  a 
very  short  time  before  the  abrasion  of  the  ore  would  wear  off  this 
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coating.  Galena  concentrates  has  a  wonderful  influence  in  caus' 
ing  the  hangings  to  form  rapidly. 

iMany  years  ago  at  Leadville,  Colorado,  it  was  observed  in  furnace 
charges  containing  practically  no  sulphide  of  lead  that  hangings  of 
sulphide  of  lead  would  be  formed  rapidly.  This  was  subsequently 
discovered  to  be  due  to  too  much  sulphate  of  lead,  which  had  been 
reduced  to  the  sulphide. 

It  has  been  frequently  suggested  that  it  would  be  a  good  thing 
to  carefully  note  the  daily  tonnage  of  a  furnace,  and  when  it  had 
reached  its  maximum  speed,  to  blow  out  the  furnace  and  imitate 
the  inner  lines  of  the  furnace  for  future  construction.  This  may  or 
may  not  be  a  valuable  suggestion. 

The  writer  has  noticed  that  just  as  the  size  (the  cubical  con- 
tents) of  the  furnace  has  increased  there  was  a  tendency  for  the 
hangings  to  leave  the  side  walls  and  to  fill  up  at  both  ends ;  in- 
variably will  there  be  found  more  hangings  in  the  back  end  of  the 
furnace,  that  is  to  say,  the  end  farthest  away  from  the  tap-hole. 

It  is  very  faulty  construction  to  abstract  the  gases  from  the  back 
end  wall  of  the  furnace.  The  good  old-fashioned  way  of  taking 
off  the  gases  as  nearly  from  the  centre  of  the  furnace  is  by  all 
means  the  best.  This  statement  we  are  lead  to  make  after  trying 
a  great  many  different  methods  at  different  times.  Finally,  we 
state  that  the  manner  of  feeding  the  charge  into  the  furnace  is  the 
most  potent  factor  bearing  upon  the  formation  of  hangings.  Whilst 
we  think  the  ore,  fluxes  and  fuel  should  be  uniformly  distributed 
over  the  entire  top,  yet  the  coarse  pieces  should  be  thrown  as 
nearly  into  the  center  of  the  furnace  as  possible.  The  furnace 
drives  faster,  and  there  is  not  so  much  heated  gases  following  the 
side  walls,  hence  the  tendency  towards  hangings  is  very  much 
lessened. 


HYDROGRAPHIC  SURVEYS  IN  MONTANA. 

By  A.  M.  RVON,  E.  M. 

This  work  has  been  in  the  past,  and  is  at  present,  being  carried 
on  by  the  United  States  Geological  Survey.  The  investigation  in- 
cludes the  examination  of  reservoir  sites  and  the  feasibility  of  using 
such  sites  for  increasing  the  available  water  supply ;  the  examina- 
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tion  of  underground  currents  and  artesian  wells  ;  the  measurement 
of  the  flow  of  rivers  and  streams,  and  the  preparation  of  reports 
upon  the  same. 

The  scope  of  this  article  will,  however,  be  limited  to  a  review  of 
the  work  done  and  the  methods  employed  in  the  measurement  of 
the  flow  of  rivers  and  streams  in  Montana. 

To  a  great  extent  the  value  of  stream  measurements  is  apparent 
to  any  engineer,  but  it  is  doubtful  if  those  unacquainted  with  the 
conditions  existing  in  the  arid  West  can  fully  appreciate  the  full 
importance  of  such  information. 

The  value  of  such  data  for  determining  the  available  water  for 
purposes  of  city  or  town  supply,  power,  and  for  irrigation,  is  ap- 
parent at  once  ;  but,  with  the  development  of  irrigation  projects 
which  in  many  communities  have  already  taxed  the  water  supply 
to  the  utmost,  many  new  problems,  not  yet  solved,  have  arisen. 
For  example,  streams  flowing  through  several  states  are  apt  to  be 
sources  of  contention,  owing  to  the  use  of  water  in  one  state  inter- 
fering with  claims  in  another ;  trouble  of  this  nature  may  even  be 
of  an  international  character.  After  irrigating,  a  portion  of  the 
water  placed  upon  the  land,  which  has  not  been  used  in  contribu- 
ting to  plant-life,  will  eventually  return  to  the  river.  A  small  por- 
tion returns  as  rainfall  or  snow,  but  past  observations  indicate  that 
the  increased  precipitation  due  to  the  evaporation  of  water  used 
for  irrigating  is  insignificant.  The  amount  which  returns  to  the 
river  by  seepage  from  the  fields,  however,  is  undoubtedly  large, 
probably  in  the  vicinity  of  30  %  in  many  localities.  The  work  of 
river  flow  measurement,  carried  on  from  year  to  year,  will  do  much 
to  aid  the  solution  of  these  very  important  questions. 

The  importance  of  this  matter  may  be  further  understood  when 
it  is  remembered  that  the  effect  of  this  return  seepage  water  is  to 
steady  the  flow  of  the  streams  in  much  the  same  way  that  a  forest 
does.  In  the  arid  West,  where  the  majority  of  the  streams  have 
their  sources  in  mountain  torrents,  this  steadying  effect  is  obviously 
desirable. 

The  measurement  of  flow  in  many  instances  will  also  furnish 
data  concerning  the  effect  of  forest  denudation.  We  may  also 
learn  much  concerning  the  deposition  of  silt  and  the  scouring  effect 
of  the  different  velocities  under  a  variety  of  conditions. 

It  will  be  seen  from  the  above  considerations  that  the  work  of 
the  Hydrographic  Division  of  the  United  States  Geological  Survey 
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should  receive  encouragement  from  the  public  in  general  and  en- 
gineers in  particular.  It  may  be  of  interest  to  understand  the 
organization  of  this  department  and  how  the  work  is  carried  on. 

The  general  supervision  of  the  hydrographic  work  is  carried  on 
by  "the  Hydro grapher,"  Mr.  F.  H.  Newell,  at  Washington;  Mr. 
Arthur  P.  Davis  having  general  charge  of  stream  measurements  in 
the  West  and  Mr.  Cyrus  C.  Babb  tliose  of  the  Appalachian  area. 
The  immediate  charge  of  the  work  in  various  districts  is  in  the 
hands  of  parties  who  are  paid  merely  for  that  part  of  their  time 
which  is  actually  devoted  to  the  work. 

These  resident  hydro^raphers  are  usually  college  professors  or 
persons  having  a  personal  interest  in  work  of  this  nature,  but  who 
have  some  regular  outside  employment  insuring  them  a  livelihood. 
The  resident  hydrographers  establish  gauging  stations,  take  gaug- 
ings,  employ  observers,  keep  a  record  of  all  that  pertains  to  their 
district  and  report  to  the  hydrographer  once  a  month.  The  ob- 
servers notice  the  height  of  the  river  as  shown  on  a  gauge  post. 
The  readings  arc  usually  taken  twice  a  day,  and  sent  to  the  resi- 
dent hydrographer  once  a  week. 

These  observers,  who  are  usually  railroad  section  foremen  or 
ranch  men,  receive  a  small  compensation.  The  resident  hydrog- 
rapher, after  copying  the  observer's  gauge  height  readings,  for- 
wards them  to  Washington-  At  such  times  as  the  resident  hydrog- 
rapher deems  it  desirable,  he  gauges  the  streams  at  the  various 
stations,  using  a  current  meter  for  the  purpose. 

Knowing  the  quantity  of  water  passing  a  given  station  for  dif- 
ferent heights  as  indicated  on  the  gauge,  it  is  an  easy  matter  to 
plot  a  curve,  which  will  indicate  the  quantity  of  water  passing  for 
any  intermediate  points.  From  the  curve  thus  drawn,  a  rating 
table  is  prepared,  which  shows  at  a  glance  the  amount  of  water 
passing  for  any  reading  of  the  gauge.  From  this  table,  knowing 
the  daily  gauge  heights,  the  daily  flow  is  obtained. 

This  sounds  very  simple,  but  in  a  stream  subjected  to  freshets, 
the  bottom  may  be,  and  frequently  is,  constantly  changing ;  some- 
times scouring  and  sometimes  being  raised  by  the  deposition  of 
silt.  It  is  obvious  that  in  such  cases  a  number  of  rating  tables 
may  be  necessary  to  obtain  a  fairly  accurate  record  of  the  daily 
flow  for  the  year.  Such  a  stream  will,  of  course,  require  more  fre- 
quent gaugings  with  the  current  meter. 

The  resident  hydrographer,  if  familiar  with  the  characteristics  of 
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the  stream,  can  usually  tell  by  the  reports  showing  the  gauge 
heights,  at  what  dmes  it  is  advisable  to  take  gaugings.  If  he  is 
not  familiar  with  the  stream,  it  is  necessary  to  have  the  observer 
send  soundings  occasionally,  which  would  show  if  any  change  is 
taking  place  in  the  bottom. 

To  illustrate  this  point  we  may  cite  an  experience  of  the  writer: 
'I'he  West  Gallatin  River  of  Montana,  showed  an  almost  constant 
gauge  height  from  August  I,  '95,  to  November  29th,  '95,  yet  the 
stream  was  constantly  decreasing  in  volume,  the  flow  decreasing 
from  1,160  cubic  feet  per  second  in  August  to  400  cubic  feet  per 
second  in  November.  The  bed  of  the  stream  in  the  meanwhile 
being  gradually  raised  on  an  average,  0.86  feet. 

The  methods  used  in  gauging  the  streams  differ  somewhat,  de- 
pending upon  the  conditions  found.  The  current  meters  used  in 
Montana  for  this  purpose  were  the  Price  meter  and  the  Haskell 
meter.  The  former  may  be  used  in  a  very  slow  current  and 
probably  has  an  advantage  over  the  latter  in  that  the  friction  of 
the  revolving  wheel  is  reduced  to  a  minimum,  thus  reducing  the 
chances  of  error  due  to  changes  in  the  lubrication,  from  cold  or 
other  causes.  The  Haskell  meter,  on  the  other  hand,  is  more 
compact  and  convenient  to  carry.  An  electric  battery  and  a 
register  are  used  in  connection  with  these  meters.  The  batteries 
are  apt  to  be  a  nuisance,  being  as  a  rule  cumbersome. 

A  small  bi-sulphate  of  mercury  battery  of  two  hard  rubber  cells, 
placed  compactly  in  a  box  about  2"  x  3"  x  4",  has  lately  been  used 
by  the  survey,  giving  fairly  satisfactory  results. 

The  registers  I  have  never  found  of  any  value  as  registers,  but 
quite  useful  as  sounders.  It  is  far  more  convenient  to  count  the 
clicks  than  it  is  to  read  the  number  of  revolutions ;  for  fhis  reason 
ordinary  telegraph  sounders  are  frequently  used. 

The  gaugings  are  taken  from  a  bridge,  where  practicable  ;  or 
from  a  boat,  or  from  a  box  suspended  from  a  wire  rope  stretched 
across  the  stream. 

Where  a  wire  rope  is  used,  a  barbed  wire  is  stretched  alongside 
the  rope  and  tin  tags  are  attached  to  the  rope  so  as  to  mark  the 
stations.  The  box  is  attached  by  ropes  to  pulleys  running  on  the 
wire  rope ;  its  position  being  shifted  along  the  rope  by  the  occu- 
pant grasping  the  rope  overhead  and  using  main  force, 

A  ten  pound  weight  shaped  something  like  a  flat-iron  is  attached 
to  the  current  meter,  or  if  the  current  is  too  swift,  another  similar 
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weight  is  attached.  A  piece  or  sheet  brass  is  fastened  to  the 
weights  so  that  the  wedge  points  up  stream.  The  meter  and 
weights  are  suspended  by  the  insulated  wire  from  the  battery  and 
register;  but  if  two  weights  are  used  an  additional  cord  is  neces- 
sary. One  reading  is  usually  taken  a  few  inches  above  the  bottom, 
one  near  the  surface,  and  if  the  depth  is  over  four  feet,  or  the  cur- 
rent unusually  swift,  another  in  between. 

The  stations  are  usually  placed  ten  feet  apart  along  the  bridge 
or  wire  rope ;  but  this  is  a  matter  where  judgment  must  be  used. 

Soundings  are  taken  half  way  between  the  stations  or  more  fre- 
quently if  the  depth  of  water  changes  abruptly.  The  entire  cross- 
section  of  the  river  is  in  this  way  divided  into  sections,  the  current 
meter  readings  being  taken  in  vertical  lines  through  the  middle  of 
each  section. 

The  average  velocity  shown  by  the  two  or  three  meter  readings 
taken  at  each  station,  multiplied  by  the  area  of  each  section,  gives 
us  a  close  approximation  to  the  amount  of  water  passing  at  that 
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section.  The  sum  of  these  quantities  gives  us  a  fairly  close  ap- 
proximation to  the  actual  discharge  of  the  stream. 

In  taking  meter  readings  it  is  convenient  to  count  the  revolu- 
tions for  fifty  seconds,  as  where  two  readings  are  taken  at  a  station, 
we  have  simply  to  add  them  together  and  point  ofT  two  places  to 
obtain  the  number  of  revolutions  per  second.  We  may  then  ob- 
tain the  velocity  of  the  current  directly  from  the  meter  rating 
table. 

A  simple  method  of  keeping  notes,  very  similar  to  the  ooe 
adopted  by  the  survey,  is  shown  below ; 

Name  of  stream Total  flow 

Location  of  station Total  area  of 

Nameof observer cross  seclion  .    .   . 

Gauge  height  beginninj;. 


-\v\ 


r^ 

■tj 

--% 

If 

% 

it 

Remarkt. 

I 

Temperature  of  water  50O  F.;  wind 

^30 

blowing  briskly  op  stream.     Condi- 

130   .6 

a-S' 

SO 

tions  favorable  for  accurate  results. 

MO 

the  top.   Note:  The  number  of  the 

Uo|    . 

3.3' 

40 

13a 

stalioft  shows  iu  distanM  from  the 
starting  point. 

Near  the  gauging  stations  a  4"x  4"  post  is  placed  so  as  to  be 
made  as  permanent  as  possible.  The  lower  part  of  the  post  is 
often  laid  sloping  for  convenience.  The  divisions  of  feet  and 
tenths  are  painted  in  black  against  a  white  back  ground  and  were 
subjected  to  the  continual  action  of  ice  or  water.  A  row  of 
tacks  are  used  to  prevent  obliteration.  The  posts  are  used  by  the 
observer  to  asertain  the  daily  height  of  water  in  a  stream,  and  set, 
referred  to  two  permanent  bench  marks. 

It  may  be  of  general  interest  to  know  something  of  the  dis- 
charge of  the  three  streams,  which,  coming  together  at  one  point, 
from  the  head  waters  of  the  great  Missouri  River. 

These  streams  vary  greatly  in  their  maximum  discharge  from 
year  to  year  as  well  as  from  month  to  month.     This  will  be  underr 
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stood  better  when  it  is  remembered  that  the  freshets  are  caused  by 
snow  melting  on  the  mountains  in  the  spring  season,  a  few  hot 
days  causing  a  rapid  rise.  Snow  which  has  fallen  during  the  early 
part  of  the  winter  and  has  become  packed,  melts  more  gradually 
than  the  loose  snow  recently  fallen.  So  that  the  character  of  the 
winter  weather  also  is  a  factor  in  the  spring  freshets. 

The  Madison  River,  having  its  source  among  springs  in  the  Yel- 
lowstone Park,  has  a  more  constant  flow  than  is  usually  found  in 
mountain  streams;  its  minimum  flow  during  the  year  1895  was 
about  1,400  second  feet,  its  maximum  flow  about  3,900  second 
feet. 

The  Gallatin  River  had  a  minimum  flow  of  about  528  second 
feet  in  1895  and  a  maximum  flow  of  3,900. 

llic  Jefferson  River  in  1895  had  a  minimum  flow  of  about  1,000 
second  feet  and  a  maximum  flow  of  about  4,000;  this  was  not  de- 
termined in  the  field. 

The  freshet  records  of  1895  are  chiefly  valuable  as  indicating 
what  may  be  expected  during  low  water  years. 

Ordinarily  the  rivers  are  much  higher  than  was  the  case  during 
the  spring  of  1895 ;  probably  it  would  be  safe  to  double  the  maxi- 
mum flow  as  given  for  the  Gallatin  and  Jefferson  Rivers,  to  obtain 
an  idea  of  the  ordinary  spring  freshets. 


THE  SECOHMMETER  AS  USED  IN  THE  ELECTRICAL 
ENGINEERING  LABORATORY. 

By  W.  H.  FREEDMAN,  CE.,  E.E. 

When  a  current  in  a  circuit  is  increasing  or  diminishing,  it  ex- 
ercises an  inductive  effect  upon  any  neighboring  circuit ;  this  in- 
ductive effect  being  due  to  the  change  in  the  magnetic  field  sur- 
rounding the  varying  current.  But  since  the  magnetic  lines  sur- 
rounding a  current  may,  as  they  move  inwards  or  outwards  from  the 
wire,  cut  across  other  parts  of  the  same  circuit,  it  is  evident  that  a 
current  may  act  inductively  on  itself,  producing  an  electromotive- 
force.  This  self-induced  electro  motive -force  on  turning  the  current 
on  will  tend  to  oppose  the  current,  and  prevent  it  growing  as 
quickly  as  it  otherwise  would  do,  while  that  induced  on  stopping 
the  current  will  tend  to  help  the  current  to  continue  flowing.     In 
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either  case  the  effect  of  self-inductton  is  to  oppose  change.  The 
coefficient  of  self-induction  or  the  induction  of  any  circuit  is  equal 
to  the  number  of  volts  of  induced  electromotive-force  when  the 
inducing  current  varies  at  the  rate  of  one  ampere  per  second.  The 
unit  of  induction  is  called  the  Heruy ;  so  that  a  coil  having  an  in- 
duction of  three-tenths  of  a  henry,  means,  that  the  current  varying 
at  the  rate  of  one  ampere  per  second  would  produce  three-tenths 
of  a  volt  counter-electromotive- force  in  that  coil. 

Messrs.  Ayrton  and  Ferry  at  one  time  proposed  the  name  of 
Secohm  for  this  unit,  since,  when  determined  by  ordinary  methods 
it  is  found  to  be  the  product  of  seconds  by  ohms.  They  also  in- 
vented the  secohmmeter,  a  device  which,  when  employed  in  con- 
nection with  a  Wheatstone  Bridge,  is  very  useful  in  determining 
these  inductive  effects.  The  instrument  consists  fundamentally  of 
two  rotary  commutators,  each  carrying  four  stationary  brushes  and 
both  placed  on  the  same  shaft,  thereby  compelling  synchronous 
rotation.  One  commutator  is  for  periodically  reversing  the  gal- 
vanometer connections,  and  the  other  for  reversing  the  battery 
connections. 

In  order  to  make  the  apparatus  more  durable  and  at  the  same 
time  decrease  the  difhculty  of  operation,  it  has  been  arranged  in 
the  following  way; 

Taking  a  one-sixth  horse-power  ten-ampere  scries  motor,  the 
two  commutators  of  the  secohmmeter  are  placed  one  at  each  end 
of  the  armature  shaft.  The  commutator  brushes  are  small  cylin- 
ders of  carbon  bearing  radially  with  quite  a  little  pressure,  in  order 
to  insure  good  contact  and  at  the  same  time  furnish  a  load  for  the 
motor  so  as  to  keep  the  speed  within  bounds.  Care  has  been  taken 
so  that  the  brushes  do  not  short  circuit  the  battery,  thereby  en- 
abling the  use  of  a  chloride  storage  battery  for  generating  current. 

The  series  motor  is  run  from  the  i  lo  volt  circuit  through  a  par- 
allel lamp  bank.  By  screwing  in  or  out  lamps  the  speed  can  be 
varied  at  will.  A  revolution  counter  attached  to  one  end  of  the 
shaft  gives  a  simple  means  of  accurately  determining  the  speed 
whenever  desirable. 

To  Compare  two  Coefficients  of  Self-Induction. 
Connect  up  the  apparatus  as  in  Fig.  i.     Arms  r,  and  rjare  non- 
inductive  resistances  while  r^  and  r,  are  respectively  composed  of 
some  non-inductive  resistance  in  series  with  one  of  the  coils  whose 
coef^cients  are  to  be  compared. 
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For  simplicity  suppose  that  the  two  commutators  are  replaced 
by  two  strap  keys.  First  balancing  the  bridge  in  the  usual  way 
for  steady  currents,  the  arms  are  so  arranged  that 


Now  the  galvanometer-key  is  depressed  before  the  battery  key 
and  unless  the  impedances  of  the  inductive  arms  are  in  the  ratio 
of  r,  to  r,  the  galvanometer  needle  will  throw,  A  balance  can 
only  be  obtained  for  transient  currents  when 
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The  equation  may  be  demonstrated  as  follows:  Let  c^  be  the 
current  through  r,  and  c^  that  through  r^  at  the  same  instant  /  after 
closing  the  circuit.  Then  since  no  current  traverses  the  galvano- 
meter when  a  balance  has  been  obtained  c^  and  c^  are  also  the  cur- 
rents flowing  through  r»  and  r^  respectively.  At  this  instant  our 
equations  Tor  the  drop  in  the  different  arms  must  be 

c^H^c^r^  (I) 

(^> 

From  Eq.  (i)  c,  =Cj-- 

Consequently  substituting  this  in  Eq.  (2)  it  becomes 

Aj'-^.t  (3) 

since  the  bridge  is  in  balance  for  steady  currents.    Differentiating 
Eq.  (i)  with  respect  to  /  we  obtain 

dc^       r,  dcy 
di  ~  ~rtdt 

Therefore  Eq.  (3)  becomes 

r.=X  ■  » 

In  any  method  of  measuring  or  comparing  inductances  which 
depend  upon  a  bridge  balance  for  transient  currents,  there  is  a  cer- 
tain lack  of  sensitiveness.  In  gaining  a  balance  for  steady  currents 
a  very  small  deflection  of  the  needle  may  be  multiplied  and  so 
made  evident  by  properly  dosing  and  opening  the  galvanometer 
key.  For  transient  currents,  however,  the  direction  of  the  throw 
of  the  needle  differs  upon  closing  and  opening  the  battery  key. 
In  order  that  the  multiplying  effect  may  be  obtained,  it  is  neces- 
sary to  reverse  the  galvanometer  terminals  between  each  closing 
and  opening.  The  closing  and  opening  of  the  battery  circuit  (or 
what  is  equivalent,  the  reversal  of  the  battery)  may  be  effected  in 
synchronism  with  the  reversals  of  the  galvanometer  by  means  of  a 
sccohmmeter. 

Using  a  secohmmeter  connected  as  in  Fig.  I  we  see,  therefore. 
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that  to  keep  the  galvanometer  at  rest  whether  the  commutators  be 
rotated  or  not,  we  must  have  the  coeflicietits  of  self-induction  of  the 
coils  as  well  as  the  ohmic  resistances  in  those  arms  in  the  ratio  of 
r,:  v 

The  method  of  procedure  adopted  to  fulfill  both  of  these  condi- 
tions is  the  following:  Place  ri=r,;  then  adjust  the  non-induc- 
tive resistances  in  r,  and  r^  until  a  balance  is  obtained  for  a  steady 
current,  t.  e.,  commutators  stationary.  Now  rotate  the  com- 
mutators and  note  the  direction  and  amount  of  the  galvanometer 
deflection. 

Then  try  r„  say  equal  to  Sf,.  After  obtaining  a  new  static 
balance  for  this  ratio,  the  rotate  commutators  again  and  note  the 
deflection  of  the  galvanometer.  If  the  deflection  is  smaller,  but  in 
the  same  direction,  then  Z,  is  greater  than  5^4,  but  if  the  deflection 
has  been  reversed,  then  Z,  has  a  value  between  Z.,  and  sZ^,  If  the 
deflection  is  greater  than  before,  then  Z,  is  less  than  Z4, 

By  continuing  this  method  we  can  after  a  few  more  trials  se- 
lect such  a  ratio  that  the  galvanometer  will  show  no  deflection 
whether  the  secohmmeter  be  rotated  or  not  and  we  must  have  the 
coefHcients  of  self-induction  of  the  coils  in  the  ratio  r,  :  r,. 

The  speed  at  which  the  commutators  revolve  need  not  be 
known,  but  the  greater  the  speed  the  more  sensitive  the  test ;  the 
rate  of  reversal  must  not,  however,  be  too  great  for  the  currents  to 
reach  their  steady  values  between  two  consecutive  reversals. 

In  order  to  increase  the  sensitiveness  of  the  bridge  keep  the 
ohmic  resistances  as  small  as  possible.  This  gives  more  promi- 
nence to  the  inductive  efiects. 

Measurement  of  a  Coefficient  of  Self-Induction. 

If  in  the  preceding  method  giving  us  accurately  the  ratio  be- 
tween two  unknown  coefficients  of  self-induction,  one  of  these  co- 
efficients as  Z,  is  a  standard  of  self-induction,  the  equation  gives 
the  value  of  the  other.  Furthermore,  if  the  standard  is  capable  of 
having  its  inductance  varied  the  obtaining  of  a  balance  is  greatly 
facilitated.  Such  a  standard  is  sjiown  in  Fig.  2.  It  contains  two 
coils  without  iron.  Joined  in  series ;  one  of  them  fixed  and  the  other 
movable  about  a  vertical  axis.  The  inductance  of  the  two  de- 
pends upon  their  relative  position.  Calling  the  rotating  coil  A 
and  the  other  B  it  is  evident  that  the  maximum  inductance  is  ob. 
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taincd  when  A  coincides  with  B  and  the  field  due  to  its  current 
reinforces  that  due  to  B.  A  smoothly  graded  variation  of  the  in- 
ductance may  then  be  gained  by  revolving  the  coil  A  until  a  mini- 


mum value  is  reached,  with  A  at  i8o°  degrees  from  its  preceding 
position.  By  means  of  a  properly  graduated  circle  over  which  a 
pointer  attached  to  A  moves,  the  value  of  the  inductance  may  be 
read  directly  in  henrys  for  any  given  position  of  A. 

The  employment  of  this  standard  greatly  simplifies  matters  in 
determining  the  unknown  i,.  First  start  with  r,  =  r^  and  obtain 
a  steady  balance  with  the  standard  Z,  in  its  minimum  position. 
Rotate  commutators  obtaining  a  deflection.  Then  place  A  in 
such  a  position  till  deflection  is  reduced  to  zero.  If  L^  is  greater 
than  the  maximum  inductance  of  the  standard  it  will  be  impossible 
to  obtain  a  balance  for  transient  currents.  In  this  case  fj  must  be 
made  greater  than  r^  and  of  such  a  value  that  flrst  obtaining  a 
static  balance,  the  direction  of  the  deflection  corresponding  to  the 
minimum  and  maximum  values  of  Z,  will  be  in  opposite  directions. 
Then  the  coil  A  is  turned  to  the  point  at  which  the  deflection  is 
zero,  when 

L>=\^  (5) 
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Absolute  Determination  of  the  Coefficient  of  Self- 
Induction. 


Fig.  3. 

Connect  up  the  apparatus  as  shown  in  Fig.  3.  t^,  r,  and  r^  are 
non-inductive  resistances,  while  t^  is  the  coil  whose  coefficieat  of 
self-induction  Z,  is  to  be  determined.  First  obtain  a  balance  for 
steady  currents  by  making 


Rotate  the  commutators  at  some  constant  speed,  n  revolutions 
per  second.  This  will  cause  the  galvanometer  to  deflect,  and  this 
deflection  can  only  be  reduced  to  zero  by  changing  one  of  the  non- 
inductive  resistances  as  r-^  a  certain  amount  a.    Then 


D.g.tizecbvGoOgle 


36  THE  QUARTERLY. 

L=/A^i  (6). 

where  j£  is  a  constant  depending  upon  the  relative  position  of  Has 
commutators  and  the  form  of  the  current  waves  in  the  bridge  aroas. 
For  let  €-1  and  Cj  be  the  values  of  the  currents  in  arms  r,  and  r,  at 
some  time  t  after  the  circuit  has  been  closed.  Then  if  there  is 
3  balance  for  transient  currents  there  will  be  no  current  through 
the  galvanometer  and  r^  and  c^  will  also  be  the  currents  in  r,  and  r^ 
respectively.  At  this  instant  our  equations  for  drop  in  the  various 
arms  must  be 

c,r,=  £',r,  (7) 

Dividing  Eq.  (8)  by  Eq.  (7) 


which  gives 


r.  dt      r,    f. 


(9) 


because  of  -  being  equal  to  -• 
1  't 


Suppose  now  that  we  call  C^  the  maximum  value  of  f,  and  Q^ 
the  total  number  of  coulombs  that  pass  through  the  coil  Z,  from 
the  time  q  ^  o  until  <r,  =;  C^-     Evidently  then  at  any  moment, 

^'~    dt' 

Equation  (9)  may  therefore  be  written 

L^^ii/Qx  C,o) 

^  dt—r^"  dt  ^     ' 

If  equation  (10)  is  true  the  definite  integral  of  both  members  must 

be  true.     Therefore 

^rs*=MS-*       (■■) 

If  the  upper  limit  to  be  taken  so  that  the  current  has  reached  its 
maximum  value  equation  (i  I)  becomes 

LC^  =  j„Qy  (12) 

In  this  same  length  of  time  /,  if  instead  of  having  the  current 
varying,  a  constant  current  C",',  equal  to  the  mean  value  of  c,  had 
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flowed,  thea  the  same  number  of  coulombs  Q^  would  have  been 
transferred  or, 

Furthermore,  C{  will  be  approximately  a  constant  percentage  of 
(T,.     Now  if  the  commutators  revolve  at  n  revolutions  per  second 

then  /  =  —  and  Eq.  I2can  therefore  be  written 


Comparison  of  Capacities. 


(■3) 


By  arranging  the  connections  as  shown  in  Fig.  4  two  capacities 
can  be  compared. 
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»,  and  f,  are  non-inductive  resistances,  while  i^  and  F^  are  die 
capacities.  Rotate  the  secohmmeter  and  then  adjust  ty  and  r,  until 
there  is  zero  galvanometer  deflection,  when 

f:=T:  .  <'^> 

It  is  to  be  noticed  here  that  the  capacities  will  be  inversely  as 
the  ratio  of  the  resistances  t.  e.,  the  greater  capacity  will  be  in 
series  with  the  smaller  resistance. 

When  a  balance  has  been  obtained  the  equation  of  drop  must  be 
C^r^  =  C^r^  (15) 

where  C-^  and  C%  are  the  currents  flowing  in  r,  and  r,  at  any  in- 
stant t  after  closing  the  circuit. 

If  Qy  is  the  Bnal  charge  in  F^  and  Qt  that  in  F^  Eq.  (15)  may  be 
written 

^  dt         *  dt 
Integrated  between  the  times,  zero  and  that  when  the  condensers 
are  fully  charged  we  have, 


^f^*-J^^- 


nQ,=  r^Q,  (16) 

When  the  condensers  are  fully  charged  we  will  have 

Qi=EF,  {17) 

Q%=EF^  (18) 

where  E  is  the  electromotive-force  of  the  battery. 
Combining  Eq3.(i7)  and  (18)  with  (16) 

or 

P,     r. 

As  in  case  of  comparison  of  inductances,  increasing  the  speed 
at  which  the  sechommeter  is  driven  merely  increases  the  sensi* 
bility  of  the  test  without  affecting  the  ratio  connecting  the 
capacities  with  the  resistances. ' 

For  further  uses  of  the  secohmmeter  the  student  is  referred  to 
Elecirtcal  World,  Vol.  XIIT.,  p.  232 ;  Jackson's  Alternating  Currents, 
Vol.  II. ;  Gray's  Absolute  Measurements  tn  Electricity  and  Mag- 
netism, Vol.  II.;  Carhart  &  Patterson's  Electncal  Measurements; 
Munro  &  Jamieson's  Pocket  Book. 
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ANALYTICAL  CHEMISTRY. 
By  ELWTif  Wallir,  Ph.D. 

^(trograpkic  Anafysis.    Harder.     (Proc.  Lond.  Cfaem.  Soc.  1896.  98.) 

la  Older  to  determiQe  the  composition  of  a  coin  without  destroying  it 
the  spark  spectrum  was  obtained  and  photographed.  Then  trial  alloy, 
were  made  and  the  sparlc  spectrum  of  tliese  obtained.  The  alloy  yield- 
ing an  idendcal  sparlc  spectrum  was  then  ajialyzed. 

Cenoerting  Sulphaies  to  Chlorides.  Jannasch.  (Zts.  Anorg.  Chem. 
XIL  223.)  Pulverize  the  dry  salts,  mix  with  four  to  five  times  their 
weight  of  anhydrous  B^O^  and  fuse  until  SO,  fumes  cease  to  be  evolved. 
Then  boil  with  a  considerable  excess  of  HCl,  adding  methyl  alcohol  with 
HCl  two  or  three  times  to  volatilize  off  the  B,Og. 

Giass,  attacked  by  "  Magnesia  Mixture."  De  Konnick.  (Chem.  Ztg. 
XX.  129.)  In  a  flask  of  Jena  glass  in  thirteen  months  the  loss  amotinled 
to  1.5  mgms.  persquare  cm.  Magnesium  silicate  was  formed.  With  Stas's 
glass,  the  loss  was  under  i  mgm.  Ostwald's  method  of  treating  the  glass 
apparatus  with  steam  before  using,  appeared  to  render  the  glass  much 
less  susceptible  to  attack. 

Ammonium  Citrati  in  FertiUitr  Analyses.  Determination  of  neutrality. 
Lord,  f  J.  Am.  Chem.  Soc.  XVIIL  457.)  Add  some  litmus  solution 
(prepared  according  to  Sutton),  to  100  cc.  of  water.  Divide  in  halves, 
and  place  in  two  Nessler  tubes.  Add  to  one  a  drop  of  H^SO^,  to  another 
a  drop  of  NH^OH.  Arrange  the  tubes,  one  in  front  of  the  other,  so 
chat  on  looking  across  them  the  colors  are  superposed.  To  another 
Nessler  tube  add  5  cc.  of  the  citrate  solution,  litmus  solution  to  correspond 
to  that  in  the  first  pair,  and  water  to  bring  the  volume  up  to  50  cc. 
When  the  colors  corre^xind,  the  citrate  solution  is  neutral. 

lAme  and  Sulphuric  Acid.  "  Photometric  Method."  Hinds.  (Chem. 
News.  IJtXIII.  3S5.)  By  precipitating  in  a  cylinder  such  as  a  Nessler 
tube,  and  measuring  the  depth  of  liquid  containing  suspended  precipitate 
which  just  sufficed  to  obscure  a  candle  flame  placed  about  a  foot  below 
the  bottom  of  the  tube,  surprisingly  close  results  were  obtained. 

The  product  of  the  multiplication  of  the  depth  of  liquid  into  per  cent, 
of  SOg  was  found  to  be  a  constant,  which  when  once  obtained  for  any 
given  tube  will  serve  for  calculations. 

Standardizing  Fermanganale  and  Sulphuric  Acid.  M<H^e  and  Cham- 
bers. (Am.  Chem.  Jour.  XVIII.  136.)  The  reaction  with  H,Oj  is: 
iKMnO^  +  sHjO,  +  3HjS04=Kj  SO^+a  MnSO^  +  8HjO  +  sO,.  It 
was  found  that  this  reaction  occurs  sharply,  so  that  when  a  perfectly 
neutral  solution  of  HjOj  was  used,  any  excess  of  K^Mn^Og  or  of 
HjSO^  (according  to  which  one  was  being  tested)  could  be  made  mani- 
fest. The  H,Oj  solution  was  made  neutral  by  agitation  with  ZnO  and 
filtering  through  asbestos. 

Ammonia  free  water  for  Nessleriting.  Barnes.  (J.  S.  C.  I.  XV.  as4- ) 
One  or  two  litres  of  ordinary  distilled  water  are  placed  in  a  stoppered 
botde,  and  a  little  Br  vapor  is  then  poured  into  it.     Afler  shaking  the 
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water  should  be  just  perceptibly  tinted,  and  should  give  a  blue  coloration 
when  dropped  od  iodide  and  starch  paper.  One  drop  of  a  strong  solu- 
tion of  NaOH  is  now  added,  and  the  bottle  shaken  and  placed  aside  for 
ten  minutes.  Finally  one  or  two  drops  of  a  solution  of  KI  are  added, 
and  the  water  will  then  be  found  to  be  free  from  NH,  and  suitable  ifxt 
Nesslerizing  purposes. 

Ammonium  Sulphide  Group.  Qualitative  Tests.  Tarugi.  (Gazetta. 
XXV.  478.)  Ammonium  ferricyanide  is  proposed  as  a  substitute  for 
(NHjJkS.  After  separating  Fe.Al,  etc.,  by  NH^OH  and  NH^Cl— the 
solution  is  boiled,  slightly  acidified  with  HCI,  and  after  adding  a  slight 
excess  of  (NHj^gFejCy^j  it  is  warmed  and  filtered.  CO,  Ni  and  Mn, 
are  precipitated.  From  the  filtrate  Ba,  5r  and  Ca  are  separated  as  usual 
byCNH^)iC03.  Mgby  (NH4)jHP0^,  and  in  the  filtrate  from  that 
acidification  with  acetic,  will  precipitate  Zn,  Fe^  Cyj ,  if  Zn  is  present. 
The  precipitate  of  mixed  ferricyanides  is  treated  with  cold  NH^OH  which 
extracts  Ni,  (shown  on  acidification  of  the  filtrate).  In  the  residue  Mo 
may  be  detected  by  fusing  with  KNO3  and  NajCOj  or  by  PbOj,  etc. 
Co  by  the  bead  test  or  by  igniting,  dissolving  and  applying  the  KNOj  test. 

Iron  and  Alumina  in  Phosphate  Rock.  Gladding.  (J.  Am.  Chem.  Soc. 
XVIII.  717  and  721.)  The  acetate  method  is  accurate  if  three  precipi- 
tations are  made  in  presence  of  an  excess  of  phosphate.  Remove  any 
metallic  iron,  resulting  from  pulverization  in  iron  mortar  by  means  of  a 
magnet.  Digest  4  gras.  for  30  minutes  with  30  cc.  of  dilute  HCI  (i :  i) 
at  just  below  boiling.  Filter,  and  wash  into  a  300  cc.  flast,  add  HNO, 
and  boil  to  oxidize  Fe,  cool,  and  fill  to  the  mark  with  water.  Take  two 
portions  of  50  cc.  and  25  cc,  nearly  neutralize  each  withstrong  ammonia, 
finishing  the  neutralization  with  weak  ammonia.  Redissolve  the  precipi- 
tate with  as  little  HCI  as  possible.  Pour  the  cold  mixture,  with  stirring, 
into  IS  cc.  NH^CjHjOjs  (strong  solution)  with  5  cc.  HCjHgOj.  Di- 
gest at  60°  C  for  30  to  60  minutes  until  the  precipitate  settles  well. 
Fitter,  wash  once  with  10%  NH4CJH3O,,  dissolve  in  a  little  dilute  HCI 
back  into  the  original  beaker,  add  i  gm  (NH^,)jHPO,,  neutralize  and  pre- 
cipitate as  in  the  first  case.  Repeat  re-solution  and  re- precipitation  again. 
Wash  with  dilute  NH^CjHjOj.  Ignite  slowly,  finally  using  the  blast 
lamp  for  half  a  minute.  Cool  and  weigh  Alj(PO^),  with  Fcj  (PO^),.  Fe 
is  determined  vol u metrically  in  another  portion.  The  method  is  some- 
what tedious.  A  more  rapid  method  is  described,  similar  to  that  of 
Lasne  (vid  Quarterly  XVII.  31a).  The  method  was  devised  and  has 
been  used  by  the  author  for  a  year  before  the  appearance  of  Mr,  Lasae's 
paper. 

Aluminum  Analysis.     Handy.  (J.  Am.  Chem,  Soc,  XVIII,  766.) 

As  solvents  may  be  used ;   HCI  diluted  with  water  (r  ;  2). 

"  Acid  mixture,"  consisting  of  100  cc.  of  HNOg  (Gr.  1.41),  300  cc. 
HCl(Gr.  1.2)  and  600  cc.of  25%  HjSO,. 

NaOH  solution  of  33%.  15  cc.  will  dissolve  i  gm.  Al. 

One  also  requires  sUndard  K^Mn^O,  (5.76  gms.  in  a  Utres),i  cc.=3 
0.005  ^^  standard  KCy  (45  gms,  in  2  litres)  i  cc.  =  about  0.005  Cu. 
Also  powdered  Zn,  free  from  Fe  and  Cu. 

For  ordinary  commercial  aluminum  proceed  as  follows :  In  a  4j^ 
inch  evaporating  dish  dissolve  1  gm,  of  the  Al  drillings  in  30  cc.  of  "acid 
mixture."  Do  not  add  all  the  acid  at  once  if  the  action  is  vigorous. 
Complete  the  solution  by  warming  and  then  boil  down  quickly  to  strong 
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SO,  furoes.  Attention  is  necessary  for  the  r^ilation  of  the  heat  when 
AI2  (SOf),  begins  to  crystallize  out.  Keep  up  the  heat  for  5  minutes 
while  SO,  tumes  are  strongly  evolved.  Allow  to  cool  a  little,  and  add 
7S  to  too  cc.  H,0  and  10  cc.  of  25  %  H^SO^,  break  up  the  residue 
with  a  stout  glass  rod,  and  boil  to  dissolve  Al^CSG^),.  Add  approxi- 
mately 1  gm.  of  the  powdered  Zn,  pouring  it  into  the  middle  of  the  liquid. 
Keep  the  dish  at  60  to  70°  C.  until  the  Zn  has  dissolved,  leaving  Fe  re- 
duced and  Cu  precipitated.  Filter  and  titrate  filtrate  with  standard 
KjMnjOg.  Change  the  receiver,  and  dissolve  the  Cuthrough  the  filter 
by  use  of  two  lots  of  hot  15%  HNO,  (by  vol.).  Wash  out  wiih  water, 
and  in  the  solution  determine  Cu  by  adding  saturated  NajCO,  solution  in 
excess,  until  re-solution  of  precipitated  CuCOj  in  the  NaHCOj  which 
is  formed,  and  then  titrate  with  standard  KCy. 

The  SiOj,  etc.,  from  which  the  Cu  was  dissolved  off,  is  fused  with 
I  gm.  Na^COg.  Dissolve  the  mass  out  with  15  cc.  of  water  in  the  dish 
in  which  solution  was  first  effected,  and  then  add  35  cc.  of  35  %  H^SO^. 
After  rinsing  out  the  crucible,  evaporate  to  5  minutes  fuming  on  the  hot 
plate,  cool  and  boil  with  about  100  cc.  of  water.  Filter,  wash,  etc., 
weigh  SiOj,  etc.  Expel  SiOj  by  HF  and  H^SO^,  ignite  and  weigh. 
Loss  is  SiO^'  This  is  the  ordinary  examination  for  grading  the  alumi- 
num. 

Graphitic  Silieon.  Dissolve  i  gm.  in  dilute  HCI  (i  :a)  in  a  platinum 
dish — add  about  a  cc.  of  HF,  stir,  and  filter  immediately  through  a  9 
cm.  paper,  in  a  funnel  lightly  coated  with  paraffine,  wash  with  water, 
then  fuse  the  paper  and  contents  with  i  gm.  Na^COg  and  continue  in  the 
same  manner  as  described  for  total  Si  above. 

Sodium.  Dissolve  i  gm  insocc.  HNOg  (Gr.  1.3)  with  the  aid  of 
what  HCI  may  be  necessary,  rinse  into  a  large  platinum  disk,  and  evap- 
orate to  dryness  heating  over  a  burner  until  no  more  nitrous  fumes  are 
evolved.  Grind  the  residue  finely  and  treat  by  J.  Lawrence  Smith's 
method  for  alkalies  in  minerals.  (Fusion  with  r  gm.  NH4CI  and  8  gms. 
CaCO,  etc.),  weigh  NaCl  obtained,  proving  its  purity  carefully:  0.2%  of 
Na  is  regarded  as  high. 

Carbon.  The  method  is  a  modification  of  Moissan's  (vid  Quarterly 
XVII,  311.)  Trituration  of  the  drillings  with  HgClj  and  water.  Dry 
and  volatilise  off  Hg  and  its  compounds  by  heating  in  a  current  of  H. 
Then  burn  to  CO,  as  in  C  determinations  in  iron  and  steel. 

Aluminum.  Dissolve  i  gm.  in  30  cc.  of  HCI  (i  :3)  and  evaporate  to 
complete  dryness,  redissolve  in  10  cc.  HCI  with  75  cc.  water,  rinse  into 
a  No.  3  beaker,  dilute  to  about  350  cc. — saturate  with  H,S,  filter  and 
then  boil  out  HgS,  add  i  cc.  HNO^  and  boil  10  minutes  to  oxidize, 
cool  and  make  up  to  50DCC.,  take  out  50  cc,  precipitate  with  NH^OH 
and  boi!  30  minutes,  wash  thoroughly.  It  is  necessary  to  wash  the  pre- 
cipitate off  from  the  filter,  break  it  up  and  wash  it  back  again,  ignite  in- 
tensely and  weigh  quickly.  Al^Og  is  completely  dehydrated  with  diffi- 
culty and  when  dehydrated  reabsorbs  moisture  very  rapidly. 

Aluminum  Alloys.  An  alloy  containing  no  Zn  or  Ni  can  be  dissolved 
in  33%  NaOH,  the  Cu  etc.,  filtered  off  and  after  thorough  washing  the 
Cu  is  dissolved  through  the  filter  by  HNO,,  and  titrated  with  stand- 
ard KCy. 

Nl.  Alloys.  A  3%  alloy  is  now  used.  Dissolve  i  gm.  in  15  cc.  NaOH  as 
above.     Dilute,  filter  and  wash,  then  rinse  off  the  Ni  and  Cu  by  3  to  5  cc. 
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cone.  HNO}  with  a  dn^  of  HCl.  Boil  until  dissolved,  cool  and  make 
up  to  350  cc.  Take  100  cc,  neutraliie,  add  3  cc.  HCl,  precipitate  out 
Cu  by  H,5,  filterthat  off  and  determiDe  as  above  with  KCy,  oxidize  the 
filtrate  by  boiling  with  1  cc  HNO,,  precipitate  with  NH,OH.  Kecking 
the  solution  for  a  few  minutes  at  just  below  boiling,  filter,  redissolve  in 
dilute  HNO,  and  reprecipitate ;  weigh  Fe,Oj,  etc.  In  another  100  cc. 
precipitate  CuO,  NiO  and  Fe,Og  by  NaOH,  wash,  etc,  and  weigh;  de- 
duct CuO  and  Fe,Og  and  get  NiO  by  difference. 

Mn.  Alloy.  Dissolve  i  gm.  in  HCl,  evaporate  down  with  HNO„  pre- 
cipitate Mn  by  KCIO,;  determine  by  Williams'  method. 

Cr,  AlUy.  Dissolve  i  gm.  in  dilute  HCl,  add  50  cc.  cone.  HjSO^  and 
evaporate  to  fumes,  dilute  and  boil — add  powdered  K^Mn^O,  until  the 
solution  retains  a  pink  color,  boil  until  this  excess  is  decomposed,  filter 
through  washed  asbestos  and  determine  Cr  by  Galbraith's  method. 

W.  Alloy.  The  plan  pursued  is  essentially  the  same  as  that  for  Si. 
Solution  in  HCl,  evaporation  to  dryness,  fusion  of  the  insoluble  residue 
with  Na.COg,  dissolving  and  again  evaporating  to  dryness  to  separate 
SiO,  and  WO,,  finaHy  expelling  SiO  by  HF,  etc.,  and  weighing  WO,. 

Ti,  Alloy.  Dissolve  s  gms.  in  50  cc.  of  10^  KOH.  Dilute  to 
135  cc.  boil  up  and  filter  qnickly.  Wash  ten  times  with  boiling  watei. 
Burn  paper  in  porcelain  crucible,  crush  in  a  mortar  and  fuse  in  platinum 
with  10  gms.  KHSOf — 10  minutes  at  a  low  heat  (lower  portion  of 
crucible  red  hot)  and  5  minutes  at  high  heat  (flames  enveloping  the  cnv 
cible)  then  10  minutes  at  low  heat  again.  Cool,  dissolve  in  300  cc.  water. 
Filter — if  insoluble  portion  is  not  all  volatilized  by  treatment  with  HF 
and  HjSO^,  fuse  again  to  recover  TiOj.  Make  first  alkahne  wiUi 
NH.OH,  then  acid  with  H^SO^,  dilute  to  300  cc.  Reduce  withSO,  and 
boilforanhour,  adding  SO  J  water  occasionally.    Filter,  etc.,  weigh  TiO,. 

Zn.  Alloy.  Dissolve  in  30  cc,  dilute  HCl,  dilute  to  300  cc.  and 
separate  Cu  by  H,S  at  boiling  heaL  Filter,  oxidize  by  i  cc.  HNO,  and 
boiling,  neutralize  closely  with  NaOH,  add  10  gms.  NaC,H,0,  and  500 
cc.  water,  boil— red issolve  precipitate  and  repeat  basic  acetate  separation. 
Precipitate  Zn  from  filtrate  by  H^S,  ignite  to  ZnO  and  weigh. 

Directions  are  also  given  for  the  analysis  of  solders,  hydrated  and 
calcined  alumina.  Bauxite,  etc. 

Chromium  Hydroxide  in  Precipitation.  Patten,  f  Am.  Chem.  Jour. 
XVIII.  608. )  Experiments  indicated  thatCr,  (OH),  precipitated  in  pres- 
ence of  sulphates,  retained  some  SO,  in  chemical  union,  not  simply  in 
"  molecular  adhesion  "  as  is  usually  asserted.  The  base  of  the  sulphate 
(K.O  or  MgO)  was  not  retained  by  the  precipitate. 

Chromium  in  Steel.  Stead.  (Jour.  Iron  and  Steel  Inst.)  Modification 
of  Galbraith's  process.  Dissolve  in  dilute  HjSO^  fuse  the  residue  with 
KNaCOg  dissolve,  acidify  with  HCl  and  titrate  with  standard  FeSO^ 
and  KjCr^Oj  solutions.  To  the  HJSO4  solution  (300  cc.)  strong 
KjMnjO,  is  added  until  the  red  color  pereists  (hot)  for  10  minutes ;  then 
80  cc.  HCl  is  added  and  it  is  heated  until  the  excess  of  K^Mn^Og  is  de- 
stroyed. 150  cc.  of  water  is  added,  about  100  cc  boiled  off  to  expel  CI, 
and  the  solution  titrated  with  FeSO^  etc.,  as  before. 

Another  method  consists  in  dissolving  in  HCl.  treating  with  Na^O, 
and  precipitating  by  use  of  NajHP04  and  NajSjOg  then  fusing  the  Cr, 
(PO^)^  so  as  to  obtain  alkaline  chromate  acidifying  and  titrating  as 
above. 
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ChrouM  Ore  and  Perreekrommm.  Sandifer.  (J.  S.  C.  I.  XV.  155.) 
For  chrome  chys.  Fuse  0.5  gm.  of  the  mcMieniUly  finely  ground  an  in  a 
nickri  capsule  with  3  gms.  Ma,Oj,  holding  the  capsule  by  the  tongs 
in  a  fiame,  giving  the  cootents  a  circular  motion.  The  temperature  should 
be  just  sh<Kt  of  visible  red.  Three  minutes  suffice  for  complete  decom- 
podtion.  Cool,  dissolve  out  with  cold  water,  in  a  porcelain  basin,  ponr 
tlie  solution  into  a  beaker,  rinse  out  with  hot  water,  dilute  to  about  300  cc. 
irith  hot  water,  make  pink  with  KjMn,Og,  then  add  gradually  100  cc  of 
dilute  HCl,  boil  until  clear,  add  150  cc.  of  hot  water  and  boil  again  (at 
10  minutes  to  remove  CI — cijol,  and  titrate  with  FcSO,  and  KjCrjO^ 
(standard  sotutions). 

For  Fcrrochrome.  Crush  in  a  steel  mortar  until  the  powder  will  pass 
a  100  mesh  sieve,  mix  0.3  to  0.5  gm.  of  the  sample  with  4  gms.  NajO, 
and  0.75  gm.  BaO,  in  a  nickel  capsule,  the  rest  of  the  process  is  con- 
ducted  as  for  ores,  except  that  a  larger  excess  of  K^Mn^Og  is  added. 

The  author  takes  issue  with  Rideal  and  Roscnblum  (vid  Quarterlv 

XVII.  313.)  as  to  the  [weaence  of  NajO,  in  the  solution  after  ihe  fusion, 
and  also  as  to  the  necessity  for  fine  grinding  of  ores  to  insure  complete 
decomposition. 

Sapid  Determinathn  of  Manganese  in  Ofes.  (Sarnstrom -Swedish 
Method.)  Mixter  and  Dubois.  (J.  Am.  Chem.  Soc.  XVIII.  385.) 
Treat  0.5  grm.  of  the  ore  in  a  No.  o  beaker  with  15  cc.  HCl  (Gr.  1. 1), 
boiling  until  the  residue  is  clear.  If  necessary,  fuse  up  the  residue  with 
NajCO,,  dissolve  in  HCl  and  combine  the  solutions.  Add  a  few  drops 
HNOg  to  insure  oxidation  of  FeO  and  C,  and  heat  for  a  short  time  to 
expel  lower  N  oxides.  Rinse  into  a  No.  3  breaker  or  a  flask,  fill  the  same 
about  two-thirds  with  boiling  water,  and  add  solid  Na^COg  or  NaHCO, 
in  quantity  just  sufficient  to  precipitate  all  Fe.  Use  a  solution  of  car- 
bonate at  the  end  to  avoid  having  an  excess.  Under  these  conditions, 
the  Mn  is  retained  in  the  solution  in  virtue  of  the  presence  of  the  CO,, 
and  can  be  titrated  by  the  Volfaard  method,  the  temperature  being  kept 
at  about  So°  C.  Filtering  off  the  Fe^  (OH),  should  not  be  done. 
Where  the  percentages  of  Mn  are  high  (30  to  50),  the  results  are  low  as 
compared  with  gravimetric,  but  for  o.i  to  8%  Mn,  they  compare  satis- 
fiutOTily. 

VoOiarits  Method  for  Manganese.  Stone.  (J.  Am.  Chem.  Soc.  XVIII. 
23S.)  Dissolve  an  amount  of  material  containing  0.05  to  o.  1 5  grm.  Mn 
in  small  excess  of  acid.  HNO,,  HCl  or  HjSO^  may  be  used  as  the 
solvent,  without  interfering  with  the  results  provided  the  iron  is  oxidized 
before  precipitation  and  titration.  Alloys  may  be  dissolved  in  HNOg  (of 
Sp.Gr.  i.io),oresinHClwithalittteKCl03.  Cool— rinse  into  a  500  cc. 
flask  and  add  emulsion  of  ZnO  until  the  precipitate  curdles,  dilute  to  the 
nark,  mix  well  and  pour  into  a  beaker.  When  it  has  settled  decant  off 
100  cc. — dilute  to  about  200  cc,  heat  to  boiling  in  a  porcelain  casserole, 
and  titrate  with  K^Mn^Og  of  which  i  cc.  =  o.oor  grm.  Mn  (about  199 
gms.  KjMnjOg  per  litre),  stirring  vigorously  all  the  time. 

Manganese  in  Steel.     Volhard  Method-     Auchy.     (  J,  Am.  Chem.  Soc. 

XVIII.  498.)  The  sources  of  error  in  the  method  as  described  by  Vol- 
hard are:  i.  Incomplete  neutralization  by  ZnO,  giving  high  results. 
3.  Too  sudden  addition  of  excess  of  ZnO  giving  low  results.  3.  Titra- 
tion in  HNOg  solution  giving  high  results  (by  o.or  to  0.02%).  4. 
Neutralizing  by  ZnO  in  hot  solution  giving  high  results.     Special  treat- 
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meet  to  oxidize  the  carbonaceous  matter  was  not  found  by  Stone  to  be 
necessary.  The  author  confirms  this  view.  The  method  recommended 
is  in  brief:  Dissolve  3.3  gms.  in  50  cc.  HNO,  (Gr,  i.a).  Wash  into  500 
cc.  thisk.  Neutralize  about  two-thirds  by  Na^COg  (sal  soda)  solution. 
Ceolf  add  emulsion  of  ZnO  until  the  solution  stiffens,  avoiding  excess. 
Dilute  to  about  375  cc,  mix  and  let  stand  until  Fe,  (OH),  begins  to 
settle.  Then  add  eonsiderabU  excess  of  ZnO  emulsion.  Mix,  dilute  to 
mark,  stopper,  mix,  transfer  to  dry  beaker,  mix,  let  settle,  pour  oEf  350 
cc.  Titrate  in  a  500  cc.  Erlenmeyer  flask,  after  heating  to  boiling.  Cor- 
rect for  impurities  in  ZnO  and  Na,CO,.     Qi!u:,\A3Xt, Deduct  0.02%. 

Cobalt  in  Presence  of  Nickel.  Qualitative.  Durrant.  fProc.  Lond.  Chem. 
Soc.  1896.)  Addition  of  excess  of  NaHCO,  (or  KHCOg)  solution  to 
a  Co  solution,  followed  by  H,0,  afifords  a  gieen  liquid.  Possibly 
HjCoO^.  The  maximum  intensity  of  coloration  seems  to  appear  when 
molecular  proportions  of  Co  and  H^O,  are  as  i:  a.  The  probable  reac- 
tion is:  CoCO,+  3H,Oj=HjCoO.,-)-COj+H,0. 

Copper  Sulphide.  Brauner.  (Chem.  News.  LXXIV.  99.)  The  author 
has  found  that  the  precipitate  produced  by  HjS  in  Cu  solutions  is  never 
CuS  alone,  but  consists  of  CuS  wilh  Cu^S  combined  apparently  in  differ- 
ent proportions  according  to  the  conditions  produced,  together  with  some 
frees. 

The  mode  of  examination  consisted  in  placing  an  unweighed  quantity 
of  the  precipitate  in  a  flask,  adding  water  and  some  KCIO,,  then  inserting 
a  small  test  tube  containing  fuming  HNO,.  After  stoppering  the  flask 
and  tying  the  stopper  down,  the  HNOg  was  lipped  out  little  by  little. 
When  all  action  in  the  cold  had  ceased,  the  stopper  was  removed  and  the 
oxidation  completed  with  application  of  heat.  The  solution  was  divided 
in  halves,  one-half  being  used  for  the  S  determination,  the  other  for  Cu. 

Separation  of  Copper.  MawTow  and  Muthmann.  (Zts.  Anorg- 
Chem.  XI.  269.)  The  reagent  recommended  is  hypo-phosphorus  acid 
(HgPO,).  The  solution  had  best  be  that  of  sulphates.  HCl  is  in- 
admissible, the  nitrate  and  acetate  consume  much  of  the  reagent  or  are 
slow.  The  solution  should  be  diluted  until  100  to  zoo  cc.  contains  o.i 
gm.  Cu,  when  the  reagent  is  added  and  heat  is  applied  until  there  is  00 
more  evolution  of  gas,  and  the  metal  has  coagulated.  It  can  then  be 
filtered  off,  and  if  a  quantitative  determination  is  needed,  washed  with 
water,  then  with  alcohol,  etc  The  reaction  affords  a  rapid  and  com- 
plete separation  from  Cd  or  Zn. 

Cyanide  Process  for  Copper.  Denig^s.  (Bull.  Soc.  Pharm.  Bordeaux. 
1K96.  iS.)  Keeping  the  solution  boiling  throughout  the  titration  af- 
forded constant  results,  independent,  apparently,  of  the  proportions  of 
NH.  or  of  NH^  salts  present. 

Volumetric  for  Copper.  Spica.  (Staz.  Sper.  Agrar.  XXVI.  593.).  Ti- 
tration is  performed  with  a  solution  of  fetrocyanide  8.4569  gms.  crystals 
per  litre  (icc.  =  0.0025  gm.  Cu).  The  end  reaction  is  obtained  by 
"spot"  tests  on  a  paper  which  has  been  welted  with  Fe, CI  g.  Ni  does  not 
interfere  unless  much  is  present.  Any  errors  of  the  kind,  however,  may 
be  obviated  by  separating  out  the  metal  as  CuS,  filtering  and  dissolving 
in  HNOs  for  titration. 

Volumetric  for  Copper.  Rupeau.  (Bull.  Soc.  Pharm.  de  Bordeaux, 
Oct.  1895.)  Ammonium  picrate  gives  a  precipitate  of  Cu,  insoluble  in 
Dissolve  7.5  gms.  picric  add  in  hot  water,  add  30  to  40  cc. 
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of  ammonia  or  until  a  decided  odor  is  perceptible  and  then  make  up  to 
I  litre.  Let  stand,  filter,  and  theo  standardize  by  use  of  a  solution  of  i 
gm.  of  pure  Cu,  dissolved  in  HNOg  and  made  up  to  100  cc.  Run  in  the 
picrate  solution  with  stirring,  until  the  supernatant  solution  shows  clear 
yellow  without  any  shade  of  green.  If  Ag  is  present,  add  ammonia  to 
the  solution  containing  the  Cu.  Fe  can  be  precipitated  out  by  ammonia 
before  proceeding  to  titrate.  Any  interference  caused  by  Pb,  can  be  ob- 
viated by  adding  a  little  tartaric  acid. 

Copper  by  the  Iodide  Melhod.  Low.  (  J.  Am.  Chem.  Soc.  XVIII.  458. ) 
Instead  of  neutralizing  the  HNO,  solution  with  NajCOg  and  acidifying 
with  acetic,  an  excess  (6  or  7  gms.)  of  Zn  (,CjHgOj)j  is  added  before 
adding  KI  (;  gms.).  The  Na^SgOg  solution  is  made  up  with  19  gms.  of 
crystals  per  litre  i  cc.  =  about  0.005  K™-  Cu. 

For  ores  it  is  recommended  to  decompose  with  HNOg  followed  by 
HCl,  then  to  evaporate  with  H^SO^,  filter  off  PbSO^  and  gangue,  and 
from  the  solution  to  precipitate  out  the  Cu  by  metallic  At,  dissolve  this  in 
HNOg,  and  proceeding  with  the  usual  precautions — (boiling  out  lower 
oxides  of  N  etc.).  If  As  is  present,  it  must  be  oxidized  to  HgAsO,  by 
previous  boiling  with  a  little  KClOg.  In  that  form  it  does  not  inter- 
fere. 

Oxygen  in  Commercial  Copper.  Blount.  (Analyst.  XXI.  57.)  The 
AgNOa  method  which  is  usually  used  gives  fallacious  results,  the  indica- 
tions of  the  process  disappearing  when  the  errors  are  eliminated.  The 
only  process  tried,  which  appeared  to  give  accurate  results  consisted  in 
melting  the  Cu  in  a  current  of  H,  and  weighing  the  water  formed. 
The  H  (generated  by  H2SO4),  is  passed  through  CuSO^  solution 
then  through  a  drying  tube,  containing  cone.  HgSO^  then  through  a 
bulb  tube  of  platinized  asbestos  heated  to  red  heat  to  remove  O  from  the 
Zn,  then  through  cone.  HjSO^  drier,  then  over  the  molten  Cu.  The 
latter  is  weighed  out  (10  to  15  gms.)  in  a  porcelain  boat  which  is  inserted 
in  a  porcelain  combustion  tube,  set  in  a  small  injector  furnace.  The 
connection  tube  to  the  porcelain  is  a  T-tube  one  arm  of  which  is  sealed, 
which  permits  the  observation  of  the  progress  of  the  operation.  The 
water  formed  is  caught  in  weighed  tubes  containing  H3SO4  and  pumice. 

Sismuih  &ilpkide.  Stillman.  (J.  Am.  Chem.  Soc.  XVIII.  681.)  It 
is  found  that  BijSg  is  perceptibly  soluble  in  Na^S  solution.  In  cases  of 
analyses  of  "magnolia  metal"  and  similar  alloys,  Bi  might  entirely 
escape  determination,  if  Na,5  were  used  to  separate  the  metallic  sul- 
phides. 

Mercvry  by  Sodium  Peroxide.  Schuyten.  (Chem.  Ztg.  XX.  a39.) 
Na^O  J  when  warmed  in  solution  with  Hg  salts  affords  metallic  Hg.  The 
plan  recommended  is  to  place  the  solution  of  the  salt  in  a  porcelain  dish 
which  may  be  covered  with  a  funnel  having  the  stem  turned  at  right 
angles.  Na,0,  is  added  little  by  httle  to  the  contents  of  the  dish,  until 
no  further  precipitation  occurs,  when  it  is  covered  with  the  funnel,  and 
gently  warmed  until  steam  condenses  in  the  tube.  After  cooling,  the 
funnel  is  well  washed — the  Hg  filtered  off— dried  in  the  dark  and 
weighed.  The  halogen  present  may  be  determined  in  the  solution  by 
Volhard's  method. 

Voiumetric  for  Lead.  Pope.  (J.  Am.  Chem,  Soc.  XVIII.  737.) 
The  method  consists  in  converting  the  Pb  to  PbSO^  then  to  acetate — 
adding  an  excess  of  standard  KjCr^O^,  destroying  that  excess  with 
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Btuidard  AsjOg  soludon  and  titrating  the  excess  with  standard  I  solution 
by  Na^SjOg  and  starch  indicator. 

Alloys  of  Lead,  Tin,  Andmeny  end  Copper.  Thompson.  (J.  S.  C. 
I.  XVII.  179.)  Preliminary  Qualitative  tests:  For  Pb:  Dissolve  in 
aqua  r^ia.  If  FbCl,  does  not  separate  on  cooling,  test  further  by  add- 
ing 4  vols,  alcohol,  which  will  give  a  precipitation  of  FbCl,  if  0.5  J( 
or  more  of  Pb  is  present. 

For  Sn :  Di^olve  in  HCl  and  KCl.  Before  the  metal  has  completely 
dissolved,  decant  the  solution,  cool,  and  add  alcohol  as  above  to  separate 
PbClj,  oxidize  to  SnCl,  by  Br  water,  boil  out  Br,  dilute,  and  pass  H,S 
to  get  SnSj  with  its  characteristic  color. 

ForSb:  Treat  with  cone.  HCl.  Almost  all  Sb  is  left.  Decant,  wash 
the  residue  well,  and  then  dissolve  it  in  HCl  and  KCIO,,  boil  out  free 
CI,  and  then  pass  HjS.  If  Cu  is  present,  the  color  of  the  Sb  precipitate 
may  be  obscured  by  the  black  of  the  CuS.  Extract  SbjSj  with  KOH, 
in  which  solution  (orange)  SbjS^  may  be  precipitated  by  acidifying. 

For  Cu :  Dissolve  in  HNOg  and  evaporate  in  porcelain  dish.  When 
nearly  dry  the  salts  crystallizing  out  at  the  edge  of  the  residue  will  show 
the  green  of  Cu  salts. 

For  As  ;  Dissolve  in  an  Erlenmeyer  flask  with  HCl  and  KCIO,,  boil 
out  free  CI,  add  HCl  and  3  gms.  Na^S^Og,  connect  with  condenser  and 
distil.     Test  the  distillate  with  H,5  for  As  (yellow  ASi^s)- 

For  Quantitative  analysb,  dissolve  in  a  solution  m.ide  as  follows: 
30  gms.  KCl  in  500  cc.  H,0,  add  400  cc.  cone.  HCl,  mix,  and  then  add 
in  the  cold,  100  cc.  HNO,  (Gr.  1.4).  Boil  i  gm.  of  the  alloy  with  70 
to  100  cc.  of  this  solution,  adding  more  of  the  solvent,  if  it  should  be 
found  necessary.  Boil  down  to  about  50  cc.  Cool  to  separate  PbCl,  and 
add  gradually  100  cc.  of  95%  alcohol.  Let  stand  20  minutes,  filter, 
wash  with  alcohol  and  HCl  (4  to  i).  Redissolve  the  PbCI^  back  into 
the  original  beaker  with  boiling  water,  finally  with  NH^ A  add  15  cc. 
saturated  solution  of  KjCr-0,,  heat,  filter  through  a  weighed  Gooch  cru- 
cible, wash  with  water,  ^cohol  and  ether,  dry  at  100°  C.  and  weigh 
PbCrO,. 

Evaporate  the  filtrate  from  the  PbCl^  to  dryness,  add  10  cc.  KOH 
(i  in  s)  and  afler  a  few  minutes  30  cc.  of  a  3%  solution  of  HjOj. 
Heat  on  the  water  bath  for  »o  minutes,  add  10  gms.  (NH^ljC^O^  10 
gms.  HjCjO^  and  aoo  cc.  of  water.  Heat  to  boiling,  pass  .H3S  for  45 
minutes  at  that  temperature,  filter  at  once  and  wash  the  Sb^Sg^CuS  with 
hot  water.  Boil  out  H^S,  concentrate  if  necessary,  and  electrolyze  over 
night  with  a  current  of  about  y^  amp.  By  morning  the  solution  is  us- 
ually alkaline,  indicating  that  probably  all  Sn  has  been  precipitated  on 
the  cathode  as  SnO,,  wash  with  water,  then  with  alcohol,  dry  and  weigh 
SnOj. 

Treat  the  Sb^S^  and  CuS,  with  10  cc.  KOH  solution,  avoiding  dilution, 
as  much  as  possible,  and  assisting  the  solution  of  the  SbjS,  by  heating. 
Filter  ofT  the  CuS  (which  may  be  accompanied  by  small  amounts  of  PbS), 
dissolve  it  in  HNOg,  (separate  Pb  if  desired  by  HjSO^  etc.),  and  de- 
termine Cu  by  standard  KCy. 

The  KOH  solution  containing  Sb  should  not  be  over  40  cc.  Add  50 
cc.  cone.  HCl,  and  i  gm.  KCIO,,  boil  out  free  CI,  filter  through  mineral 
wool  if  necessary,  cool,  add  i  gm.  KI,  i  cc.  CSj  and  titrate  for  Sb  with 
tenth  normal  Na^SjO,  solution. 
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As  is  detennined  in  a  separate  portion  by  the  method  sketched  out.fcff 
the  qualitative  examination.  If  any  is  present,  it  must  be  allowed  for 
in  reckooing  up  tbe  results  from  the  I  titration. 

Bi  acd  Cd  would  go  with  the  Cu  as  sulphides.  Ni  or  Co  partly  with 
that  precipitate  and  partly  with  the  SnO,. 

Volumetric  for  Arsenic.  £n  gel  and  Bernard.  (C.  Rend.  CXXII.  390.) 
Render  alkaline,  and  concentrate  to  30  to  40  cc.  Add  three  times  its 
volume  of  HCl  (of  33°  B).  Then  add  a  decided  excess  of  hypophos- 
phorus  acid — 4  to  10  cc.  of  a  solution  of  35°  B,  according  to  the  pro- 
portion of  As  presumed  to  be  present.  Let  stand  12  hours,  warm  on  the 
water  bath — add  an  equal  volume  of  boiling  water — filter  and  wash  with 
boiling  water  until  all  acid  is  removed.  The  precipitate  is  As  in  the 
elemental  form.  Put  paper  and  all  in  the  vessel  in  which  precipitation 
was  effected  and  add  N/j  ^  I  solution  from  a  buretle.  When  the  solution 
holds  the  iodine  color,  ttie  stage  of  formation  of  As,0,  has  been  just 
passed,  wait  two  or  three  minutes  to  allow  it  to  complete  itself,  and 
then  add  50  cc.  of  water,  and  10  cc.  of  a  saturated  solution  of  NaHCO,. 
Then  continue  the  titration  with  N/^  ^  I  solution  using  starch  for  the  end 
reaction  which  occurs  when  all  As  is  transformed  to  ASjO, — i  cc, 
N/,j  I  =0.0015  '^■ 

Arsenic  in  Alloys  of  Tin  and  Lead.  De  Koninck.  (Wed.  Tyds. 
Pharm,  VII.  330.}  The  alloy  is  placed  in  a  small  retort,  covered  with  a 
mixture  of  HCl  and  Fe^CI,  solution,  and  slowly  distilled.  Tbe  retort 
delivers  into  a  Peligot  bulb  tube  containing  a  little  water.  Very  little  H 
and  practically  no  As  H,  is  evolved.  After  distilling  nearly  to  dryness 
the  As  is  separated  and  determined  in  the  distillate  by  HjS. 

Arsenic  in  Presence  of  SeUnium.  Dawydow.  (Chem.  Zt.  Rep.  XIX. 
70.)  Se  interferes  with  the  Marsh  test,  also  with  the  SnCl^  test.  It  is 
recommended  to  separate  out  by  H^S,  filter,  dissolve  out  As^^Sg  with 
(NH^)^  COg,  and  thus  separate  the  As  before  applying  these  tests. 

Arsenic  in  Crude  Oil  of  Vitriol.  Hattensauer.  (Zts.  Angew  Chem. 
1896,  130.)  500  cc,  of  the  acid  are  diluted  with  the  same  bulk  of  water, 
and,  after  cooling  500  cc.  dilute  HCl  (i  :  2)  are  added.  (This  will  hold 
up  PbSO^  or  PbS.)  HjS  is  then  passed  for  an  hour,  and  the  AsjSg 
filtered  off  for  determination.  The  precipitate  was  found  to  be  free 
from  Pb,  nor  was  the  the  filter  paper  attacked  in  experiments  with  the 
method. 

Antimony  in  Ores,  Etc.  Clark.  (J.  S.  C.  I.  XV.  255.)  The  fire 
assay  is  always  untrustworthy,  buttnayat  times  give  (by  accident)  nearly 
the  same  results  as  the  wet  analysis,  on  account  of  the  impurities  in  the 
button  obtained.  For  wet  analysis,  the  author  prefers  Mohrs'  titration 
method  (viz.,  oxidation  by  N/j  ^  I  solution  in  alkaline  bicarbonate  solu- 
tion). The  ore  or  alloy  is  treated  with  HCl  so  long  as  there  is  any  action, 
then  solid  I  is  added  and  heat  applied  until  complete  solution  of  the 
melal  has  been  effected.  Boil  out  the  excess  of  I,  cool,  dilute  and 
add  a  little  starch.  If  any  blue  appears,  add  dilute  NajSO,,  drop  by 
drop  until  it  disappears,  then  add  Rochelle  salt,  render  alkaline,  add  ex- 
cess of  NaHCOg  and  titrate. 

Cu,  if  present,  causes  low  results.  In  that  case  it  is  best  to  precipitate 
out  both  as  sulphides,  dissolve  out  the  Sb^Sg  with  KOH,  and  then  work 
with  the  Sb  thus  freed  from  the  Cu. 

If  As  is  present,  it  can  be  removed  by  boiling  down  the  HCl  solution 
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of  the  original  substance  to  ooe-third  its  bulk,  once  or  twice  with  strong 
HCl,  before  preparing  the  solution  for  titration. 

Reducing  Potassium  Platin- Chloride.  Sonstadt.  (J.  Lond.  Chem.  Soc. 
LXVII,  984.)  Mixing  with  twice  its  weight  of  Hg  and  heating  carefully, 
will  afford  volatile  HgjClj  and  HgClj  together  with  the  excess  of  Hg,  and 
leave  behind  a  porous  mass  of  Pb  with  KCl,  which  latter  can  be  washed 
out  with  water.  Pure  Hg  will  afford  a  perceptible  precipitate  of  Pt  from 
its  salts  even  in  the  presence  of  3  million  parts  of  water. 

Selenium;  Gravimetric  Estimation.  Pierce.  (Am.  J.  Sci.  [4]  I.) 
Boiling  for  20  minutes  an  HCl  solution  after  adding  Kl,  afforded  ele- 
mental Se  in  the  black  modification  which  could  be  filtered  on  asbestos 
felt,  washed,  dried  and  weighed.  When  less  than  o.i  gm.  of  Se  was 
present,  very  good  results  were  obtained ;  wilh  larger  amounts  some  Kl 
appeared  to  precipitate  with  the  Se,  which  assumed  a  pasty  molten  condi- 
tion. If  the  dilution  was  made  very  considerable  (400  cc. ),  and  3  gms. 
of  excess  of  Kl  was  used,  satisfactory  results  were  obtained  with  over 
0.4  gm.  Se  in  one  determination.  The  results  in  every  case  were  a  little 
high. 

Determining  Selenious  and  Seletiic  Acid.  Gooch  and  Pierce.  (Zls. 
Anorg.  Chem.  XI.  349. )  The  methods  depends  on  the  following  :  AsjOj 
boiled  with  Kl  and  HjSO^  affords  As^Oj  and  I  is  expelled.  SeOj 
boiled  with  Kl  and  HjSO^  affords  Se  and  I  is  expelled.  If  a  mix- 
ture of  ASjOg  and  SeO,  is  boiled  with  a  limited  amount  of  Kl,  say  suffi- 
cient to  reduce  the  major  part  of  the  AsjOj,  the  SeOj  reacts  first,  and 
less  ASjOg  will  be  formed.  The  amount  of  AsjOg  remaining  at  the  end 
of  the  operation  may  be  determined  by  neutralizing,  adding  KHCOg  and 
titrating  with  normal  I  solution.  The  conditions  therefore  required  are  : 
Addition  to  the  SeOj  solution  of  a  known  amount  of  Kl ;  addition  of 
ASjOj  solution  in  amount  sufficient  to  react  with  the  Kl  added,  acidifying 
with  HjSO^  and  boiling  gently  for  some  time.  Afler  boiling  down  from 
100  cc.  to  about  35  cc,  the  solution  is  cooled,  neutralized,  etc.,  as  sug- 
gested above.  With  SeOj  it  was  found  necessary  to  reduce  to  SeO,  be- 
fore applying  this  method.  Boiling  with  HCl  is  inadmissible  on  account 
of  the  volatility  of  AsClg.  Boiling  with  H Br,  is  not  open  to  this  objec- 
tion under  the  conditions  produced.  It  is  therefore  recommended  to  boil 
the  SeOj  solution  first  with  KBrand  HjSO^,  and  ihen  to  apply  the  treat- 
ment prescribed  for  determination  of  SeO^. 

Electrolytic  Determination  of  Iron,  Nickel  and  Zinc.  Nicholson  and 
Avery.  (J.  Am.  Chem.  Soc.  XVIII.  654.)  In  separating  Fe  strong 
currents  and  free  NH,  favored  the  separation  of  C  along  with  the  deposit. 
This  did  not  occur  when  only  formates  or  oxalates  were  present.  The 
addition  of  borax  to  ammoniacal  oxalate  solution  greatly  facilitated  the 
precipitation  of  Fe. 

Separation  of  Ni  was  easily  effected.     No  C  was  found  in  the  deposit. 

With  Zn  the  deposition  was  readily  effected.  The  difficulties  en- 
countered were  chiefly  the  formation  of  a  spongy  deposit  and  liability  to 
oxidation.  These  were  prevented  by  the  use  of  formic  acid  in  the  solu- 
tion. 

Electrolysis  of  Solutions  Containing  Manganese  and  Tin.  Engels. 
(Zts.  Angew.  Chem.  1896.  338.)  The  addition  of  a  saltof  hydroxylamin 
prevents  separation  of  MnOj.  To  the  solution  of  tin  salt,  cleared  by 
addition  of  a  few  cc.  of  oxalic  acid  if  turbid,  is  added  0.3  to  0.5  gm. 
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hydroxy  lam  in  sulphate  or  chloride,  a  gms.  NH^C^H.Oj,  and  a  gens. 
HjC^H^O,,  The  solution  is  diluted  to  150  cc,  warmed  to  60  or  70°  C, 
and  then  a  current  of  strength  ND,  00=  0.99  to  i  amp.  passed  through 
it.  The  analysb  will  be  finished  in  three  hours  with  a  gramme  of  tin 
salt.  The  dish  should  be  covered  with  a  well-httiDg  cover  to  prevent  loss 
by  evaporation. 

EUetrolylic  Separations.  Heidenreich.  (Bcr.  XXIX.  1585.)  Ex- 
amination of  methods  recommended  by  E.  F.  Smith.  The  solutions 
were  uniformly  lao  cc,  covering  roo  cm.*  of  surface  (platinum  dish). 
The  details  were : 

Iron.  Solution  contained  50  cc-  io?S  NagCgHjO^  and  2  cc.  io}6 
HjCjHjO,.  Current  0.6  to  0.97  amp. ;  4.34  to  s-6  volts.  Time  4  to 
61^  hours.  With  a  solution  of  ferri  potassium  oxalate,  0.54  too.  63  amp., 
4-5  t<^  5  volts.  Time,  7^  hours.  In  both  cases  the  deposited  iron  con- 
tained a  little  carbon. 

Copper.  Good  results  were  obtained  in  a  solution  containing  NajHPO^ 
and  HjPO^  ;   2.4  to  2.6  vilts.     Time,  17  hours. 

Cadnium.  No  satisfactory  results  could  be  obtained  either  with  acetic 
acid  solutions  or  with  phosphate  solutions. 

Silver.     No  success  with  phosphate  solutions ;  precipitate  spongy. 

Molybdenum,  Smith's  method,  of  separating  as  MojO,  and  then  oxi- 
dizing to  MoOg  for  weighing,  afibrded  no  satisfactory  results.  Precipita- 
tion was  incomplete  after  85  hours,  and  losses  were  also  unavoidable  in 
oxidizing  to  MoO,. 

Uranium.     No  success  with  acetate  solutions. 

Separation  of  Pb  from  Hg.  Successful  with  a  solution  containing  20 
to  30  cc.  HNOg  (of  Gr.  1.3  to  1.4)  in  120  cc.  If  the  acid  was  weaker 
thePbOj  would  scale  off.     Current,  0.2  to  0.5  amp. 

Ag  from  Pb.     Unsuccessful. 

Cu  from  Zn.  With  about  4  cc.  of  HNO,  (Gr.  i.j)  in  120  cc.  the 
separation  was  successful,  provided  the  tension  did  not  surpass  1,4  volts. 
Most  of  the  Cu  separates  quickly.  The  complete  separation  required  18 
to  20  hours. 

Cu  from  Cd.  No  satisfactory  results  in  HNOj  solutions.  Smith  and 
Wallach's  method  with  cyanide  solution  was  not  tried,  as  the  tension  of 
the  current  is  not  given  by  them. 

Ag  from  Cu.  2  gms.  KCy  (and  in  one  case  6  gms.  KCy)  added  to 
the  solution  for  electrolizing;  0.03  too. i9amp. ;  1  toi.39volts.  Time, 
4  to  8  hours.  Satisfactory.  Rapidity  of  operation  increased  by  warm- 
ing to  fis-TS*^- 

Ag  from  Zn.  2  to  3.5  gms.  KCy  added  (double  cyanides) ;  0.02  to 
0.08  amp.;  1.8  to  2.15  volts.  Time,  15  to  20  hours  when  cold ;  (>% 
hours  (at  60°).     Comment  similar  to  the  above. 

Hg  from  Zn.  Solution  of  double  cyanides ;  0.03  to  0.08  amp. ;  1,65 
to  1.75  volts.  Time,  5  and  14  hours.  Easily  accomplished.  The  Hg 
and  KCy  cause  the  Pb  dish  to  suffer. 

Hg  from  Ni.  Solution  of  double  cyanides;  0.03  to  0.08  amp.;  i.a 
to  1.6  volts.     Time,  sj^  hours  or  over  night.     Satisfactory. 

Hahgens  :  Indirect  Determination.  Schicrholz.  (Monatsheft.  f,  Chem. 
XHI.  I.)  This  method  will  serve  when  the  proportions  of  the  halogens 
present  is  not  too  small. 
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Divide  the  (neutral)  solution  to  be  tested  into  two  equal  parts.  Titrate 
one  part  with  tenth  uormal  AgNOg  as  usual.  Add  adropof  HCl.  Filter 
off  and  weigh  the  precipitate  ^=  a.  Calculate  the  A g  therein  from  the 
volume  of  AgNOg  solution  uged=^.  A  correction  of  o.  i  to  0.2  mgs.  CI 
should  be  made  for  the  Ag  which  has  served  to  give  the  end  reaction. 

To  the  other  half,  add  about  one-tenth  as  much  AgNOg  as  before,  stir 
in  and  observe  the  color  of  the  precipitate.  If  it  has  a  rather  pale  tiat  of 
AgBr,  further  addition  of  AgNOg  will  give  the  clear  white  AgCl.  The 
object  is  to  precipitate  all  I  and  Br  with  as  little  chloride  as  passible. 
Then  add  alx)ut  3  gms.  of  pure  KBr,  and  run  in  AgNOg  until  as  much 
has  been  added  as  was  added  to  the  fiist  half.  Boil,  concentrate  a  little, 
and  then  filter  and  finally  weigh  this  precipilate:=^.  Then  (i—ir)x  5.006 
=  Agl  and  (*  —  a)  x  3. 223  :=  AgCl,  and  the  sum  of  these  two  deducted 
iirom  a  gives  AgBr. 

The  solubilities  of  these  silver  salts  were  found  to  be  1 

Dissolved  i  in  5  of  HjO 

100  gms.  NaCl 
100  gms.  KBr 

100  gms.  KI  89800  mgs. 

95  gms.  NaCl  +  to  gms.  KBr  75  mgs.  1.3  mg. 

On  this  he  has  based  a  method  for  determination  of  small  amounts  of 
I,  by  treating  the  silver  salts  with  moderately  concentrated  solution  of 
NaCl.  When  there  is  present  3  (or  less)  parts  I  to  about  ao  Br  and3ooo 
NaCl,  it  is  applicable.     With  more  I  or  Br,  the  Pd  method  Is  preferable. 

Deltrminationef  Chlorides,  Hypochlorites,  Chlorates  and  Perchhrates. 
Camot.  (Bull.  Soc.  Chim.  XV,  393  and  397.)  In  case  of  a  mixture  of 
the  first  three  or  of  all  four,  the  hypochlorite  is  first  determined  by  means 
of  standard  NagAsOg,  using  a  "spot  test  "  with  KI  and  starch.  Then 
acidify  with  HjSO^,  warm  to  nearly  boiling,  and  add  a  known  amount  of 
ammonio-ferrous  sulphate ;  stopper  up  to  prevent  access  of  air,  cool  some- 
what and  titrate  with  permanganate.  The  amount  of  iron  oxidized  by 
the  solution  %\yvs,  the  measure  of  the  chlorate  present.  Perchlorate  is  not 
decomposed  by  this  reaction. 

To  this  solution  a  drop  or  two  of  FeSO^  is  added  to  destroy  the  excess 
of  permanganate,  and  then  an  excess  of  standard  AgNOg  solution  isadded. 
This  precipitates  all  the  CI  originally  existing  in  the  solution  as  chloride, 
hypochlorite  and  chlorate.  Titrate  back  the  excess  of  Ag  by  standard 
NH^CNS  (Volhard's  method)  and  from  the  results  all  the  CI  present  in 
these  three  forms  may  be  calculated.  Deducting  that  due  to  hypochlorite 
and  to  chlorate,  leaves  the  amount  of  CI  as  chloride. 

"^^iz  perchlorate  must  be  decomposed  by  heat,  but  as  the  teiDperature 
necessary  for  decomposition  will  volatilize  some  KCl,  some  of  the  dry 
material  must  be  weighed  out  in  a  platinum  crucible  and  covered  with  a 
layer  of  dry  sand  at  least  3  cm.  deep.  Then,  on  applying  the  flame  so 
that  only  the  bottom  of  the  crucible  is  made  red  hot,  and  maintaining 
the  heat  for  20  to  30  minutes,  loss  by  volatilization  is  avoided,  and  all 
forms  of  CI  are  brought  to  chlorides.  Leach  out  with  water,  titrate  with 
standard  AgNO,  and  obtain  perchlorate  by  difference. 

Detecting  Iodine  in  Presence  of  other  Halogens.  I.udwig.  (Ber.  XXIX. 
1454.)    Ethereal  oils  which  have  been  distilled  in  air,  contain  sufficient 
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osone  to  set  free  I.  The  same  is  true  of  the  aldehydes  when  used  even  in 
very  dilute  Eolutions.  Very  small  amounts  of  the  aldehyd  should  be  used. 
The  solution  should  be  neutral  and  contain  no  reducing  agents  or 
mercury  salts.  Starch  solution,  or  else  CS,  may  be  afterward  used  to 
make  the  presence  of  the  free  I  more  evident.  The  latter  is  regarded  as 
the  more  satisfactory. 

Volumetric  for  Iodine.     Riegler.     (Zts.  Anal.  Chem.  XXXV.  305.) 
The  reaction  between  an  iodide  and  iodic  acid  is  as  follows : 
6HI0g  +  sNal  =  sNalO,  +  jHjO  +  61. 

The  method  consists  in  using  an  excess  of  a  standard  solution  of  HIO,, 
removing  the  I  set  free  by  shaking  with  petroleum  ether,  and  then 
determining  the  excess  of  HlOg  remaining  by  means  of  standard 
NajSjOg.     The  reaction  is  : 

6Na,S,08  +  eHIOg  =3NajSiOj  +  sNalO,  +  Nal  +  jHjO. 
Any  excess  of  HlOggives  free  I.  i76gms.  HIOj  correspond  to  34.8  gms. 
crystallized  NajSjU,5H,0.  The  iodide  solution,  which  moat  not  be  over 
I  ^  in  strength,  is  mixed  in  a  parting  funnel  with  an  equal  volume  (or 
sufiicient  excess)  of  the  HIO,  solution  (17.6  gms.  per  litre)  well  sliakeUt 
locc.  of  petroleum  ether  added.  After  standing  about  15  minutes,  the 
aqueous  solution  is  run  off  into  a  beaker.  The  petroleum  ether  containing 
the  most  of  the  free  I  is  poured  out,  the  aqueous  solution  returned  to 
the  funnel,  and  again  shaken  with  15  cc.  of  fresh  petroleum  ether,  to 
remove  the  last  traces  of  I.  The  aqueous  solution  is  then  run  off  and 
titrated  with  the  standard  Na,S,Os,  using  starch  as  indicator.  The  I 
thus  found  X  1.368  gives  KI;   X  1.1811  gives  Nal. 

Commercial  Hydro- Fiuoric  Acid.  Stahl.  (J.  Am.  Chem.  Soc.  XVIII. 
415.)  The  principal  impurities  are  H.SiF,  and  H^SO,,  Specific  gravity 
is  a  guide  as  to  the  strength  of  the  acid  only  to  a  limited  extent.  A  plat- 
inum hydrometer  is  used  for  that  purpose.  In  manufacturing  all  fluor* 
spars  have  been  found  to  contain  SiOj  from  a  few  tenths  up  to  3%. 
American  fluorspar  contains  usually  about  1.5,  This  is  determined  by 
moistening  i  gm.  of  the  pulverized  spar  in  a  Ft  dish  weighed  with  a 
spatula,  with  HF,  and  drying  on  a  water  bath.  This  operation  is  re- 
peated, and  the  loss  is  reckoned  as  SiO,.  Carbonate,  if  present,  must 
be  removed  by  preliminary  treatment  with  HCjHgO,.  Moisture  also 
must  be  removed  by  drying  out  before  applying  the  HF. 

To  examine  the  acid,  weigh  out  as  follows : 

No.  I.  X  gms.  in  a  small  Ft  crucible. 

No.  2.  3  gms.  in  large  Ft  crucible. 

No.  5.  4  gms.  in  Ft  dish. 

No.  I  is  iMed  for  total  acidity.  The  crucible  is  placed  in  a  large  Pt 
dish,  into  which  is  run  normal  NaOH,  in  amount  estimated  to  be  nearly 
enough  to  neutralize.  The  crucible  is  then  overturned  and  the  titration 
completed.  Phenol phthalein  has  been  found  to  be  the  best  indicator. 
At  the  end  the  solution  must  be  wanned  to  about  50°  C,  and  the  alka> 
line  color  ^ust  be  permanent  at  that  temperature. 

No.  a  serves  for  H^SiF,,  After  diluting  with  about  g  cc.  of  water, 
add  by  d^rees  z  gms.  KjCO,  (not  enough  to  neutralise  completely) 
then  15  cc.  of  50  %  alcohol,  and  as  much  95  %  alcohol  as  water.  Stir  in, 
let  stand  one  hour  at  least,  filter  off  K^SiF,,  wash  free  from  acid  with 
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50  %  alcohol,  place  paper  and  precipitate  in  a  Pt  dish,  add  25  cc'  water, 

warm  to  50°  and  titrate,  using  phenolphthalein  as  before.  The  reaction  is  : 

KjSiF,  +  4NaOH  =  4NaF  +  2KF  +  SiO,  -|-  jHjO. 

No.  3  is  for  HjSO^.  Heat  on  a  water  bath  until  acid  is  no  longer 
volatilized,  dilute  and  titrate. 

Calling  results  in  No.  i  ^  a,  in  No.  2=6,  in  No.  3  =  <■- 


-a-^)= 


per  cent,  free  HF 


The  acids  tested  were  found  to  contain  usually  40%  or  more  of  HF, 
2.7  to  10  of  HjSiFg,  and  about  i  of  HjSO'^. 

Pyrrhotitt  in  Pyrites.  Cone.  (J.  Am.  Chem.  Soc.  XVIII.  404.)  The 
^^t^%  (pyrrhotite)  yields  its  S  with  difSculty,  or  not  at  all,  in  burning 
for  the  manufacture  of  HjSO^. 

To  separate  it,  grind  the  ore  so  as  to  pass  a  60  mesh  sieve,  (not  finer). 
Weigh  out  13, 74  gms.  and  spread  that  out  on  a  sheet  of  glazed  paper. 
Stir  several  times  with  a  magnet,  which  takes  out  the  Fe,Sg,  which  is  re- 
moved from  the  magnet  by  aid  of  the  armature  and  a  brush.  Work  over 
the  separated  portion  again  and  again,  5  or  6  times  in  ail.  The  material 
separated  is  then  finely  ground,  and  the  S  therein  determined,  giving 
S  in  Fe,Sg.     Total  S  is  determined  in  another  portion  of  the  sample, 

A  meth(xi  based  on  the  evolution  of  H^S  from  Fe,Sg  by  the  use  of  di- 
lute acid  (which  is  not  the  case  with  FeS^,)  is  usually  untrustworthy  as 
the  sample  may  contain  blende  or  some  similar  sulphide. 

Sulphur  in  Pig  Iron.  Auchy.  (J.  Am.  Chem.  Soc.  XVIII.  406.) 
Recommends  strongly  Drowns'  method — passing  the  gases,  evolved  on 
treating  with  HCl.  through  K^Mn^Og  solution,  and  subsequently  weigh- 
ing as  BaSO*.  The  use  of  an  alkaline  fKOH)  solution  of  K^Mn^Og  is 
recommended.  To  destroy  the  excess  of  KjMnjOj,  HjCj04  is  used- 
Evaporating  to  remove  SiOj  before  adding  BaCl^  is  not  regarded  as  essen- 
tial.    The  results  of  numerous  experiments  are  given  in  detail. 

Sulphur  in  Illuminating  Gas  and  in  Coal.  Mabery.  (Am.  Chem. 
Jour.  XVIII.  207.)  The  gas  is  burned  inside  of  a  combustion  tube  in  a 
current  of  air,  the  products  ofcombustion  being  drawn  through  a  measured 
amount  of  standard  NaOH,  in  a  U  tube  containing  glass  beads  or  broken 
glass,  the  solution  being  titrated  after  the  operation,  using  methylorange 

The  combustion  tube  is  45.5  cm.  long,  with  a  constriction  30  cm.  from 
the  forward  (meter)  end.  The  tube  delivering  the  gas  from  the  meter  is 
pushed  in  so  as  to  terminate  at  the  constriction.  The  air  is  delivered  into 
the  combustion  tube  by  a  tube  which  is  cut  off  near  the  cork  through 
which  it  and  the  gas  tube  passes.  The  U  tube,  which  should  be  of  large 
diameter,  is  connected  on  the  one  side  with  the  combustion  tube,  on  the 
other  with  a  water  pump  or  other  form  of  suction  pump.  A  tolerably 
rapid  current  of  air  is  necessary.  Practically  no  SO3  appeared  in  the 
NaOH  solution. 

In  coals,  asphalt,  etc.,  essentially  the  same  method  was  found  to  be 
successful,  the  material  being  introduced  into  the  combustion  tube  in  a 
platinum  boat  and  burned  in  a  current  of  air. 
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Solubility  of  Barium  Sulpkale.  Frescnius  and  Heirz.  (Fres.  Zt3. 
Anal.  Chem.  XXXV.  i8o.)  If  solutions  of  a  strength  suited  to  produce 
5  mgtns.  in  400,000  times  its  weight  of  water  are  mixed,  a  slight  sepaia- 
doD  is  observed  after  34  hours,  whereas  such  is  not  apparent  if  4  rogtns. 
only  can  be  produced.  Hence  in  rhe  nascent  state  1  part  of  BaSO^  is 
soluble  in  100,000  of  water.  The  presence  of  BaCIj,  or  of  H^SO^  in 
the  solution  diminishes  the  solubility,  bringing  it  down  to  i  in  400,000 
or  less  {with  H,S04). 

In  presence  of  10%  solution  of  NH,C1,  the  solubility  of  BaSO^  in  the 
nascent  stale  is  about  i  in  10,000.  HjSO^  brings  this  solubility  down 
to  I  in  400,000,  BaCljtoi  in  50,000.  Stronger  solutions  of  NH4CI  have 
a  greater  solvent  action.  NaCl  acted  similarly  to  NH^CI,  though  not 
quite  so  strongly. 

In  HNO,  (8%)  nascent  BaSO^  was  soluble  to  the  extent  of  1  in  7,300. 
In  HNOa  of  10%,  H^SO,  brought  the  solubility  down  to  i  in  400,000, 
BaCIj  to  r  in  33,000. 

In  HCl  (7  to  8^)  the  solvent  action  on  nascent  BaSO^  was  essentially 
the  same  as  with  HNO^  (i  in  7,300)  H-SO^  or  BaClj  decreased  the 
solubility  to  a  greater  extent  than  did  HNUg. 

Penulphatii.  Ulzer.  (Miith.  Tech.  Gew.  Mus.  Wien.  1895,  11  and 
310.)  Methods  of  analysis  depending  on  the  liberation  of  I  or  CI  by  the 
available  O  were  found  to  be  inaccurate,  as  also  treatment  with  excess  of 
standard  H,CjO^.  The  method  recommended  Consists  in  heating  0.3  gm. 
of  the  substance  in  a  valved  flask  with  a  known  amount  of  (NH^)^  SO4, 
FeSO^  and  dilute  HJSO4  for  half  an  hour,  and  then  titrating  the  amount 
of  unchanged  ferrous  salt  remaining  by  permanganate. 

Sulphides,  Sulphites,  Thiosulphates  and  Stilphales  in  presence  of  each 
other.     Richardson  and  A.  Kroyd.     (J.  SCI.  XV.  171.) 

Sulphates.  Add  5  gn>s.  tartaric  acid  to  the  solution  and  precipitate 
with  BaCI^  in  the  cold.  Filter.  The  precipitate  may  contain  some 
BaSOg,  which  can  be  removed  by  afterward  washing  with  hot  dilute  HCl 
and  boiling  water. 

Sulphides.  Titrate  with  NH^  solution  of  Zn.  (vid  Sutton  Vol.  Anal. 
Schwartz's  method.)  The  strength  of  the  solution  is  such  that  i  cc.  = 
0.0016  gms.  as  sulphide. 

Sulphites  and  Thiosulphates.  Add  NH4  solution  of  Zn  to  remove  sul- 
phides. Then  add  methyl  orange  indicator  and  bring  to  neutrality  to 
that  indicator  (filler  off  ZnS).  The  solution  should  now  contain  acid 
sulphite  and  thiosulphate.  Titrate  with  tenth  normal  I  solution.  This 
affords  tetrathionate  {say  Na^S^Og  from  Na^S^Og)  and  acid  sulphate 
(say  NaHSO^  from  NaHSOg).  Then  titrate  with  tenth  normal  alkali. 
Since  the  methyl  orange  shows  the  neutral  tint  to  NaHSOg,  but  gives  the 
acid  color  with  NaHSO^  until  it  has  been  neutralized  to  NajSO^,  the 
last  titration  gives  the  measure  of  the  sulphite.  Calculate  the  amount  of 
I  which  must  have  been  used  to  produce  the  sulphite  thus  found,  and  t.he 
remainder  of  the  I  used  is  to  be  calculated  as  the  measure  of  the  thio- 
sulphate, the  equations  being 

2Na,SjO,  +  Ij  =  NajS,Og+  sNal 
NaHSOs+  Ij  +  HjO  =  NaHSO^  +  iHI. 

Phosphor ut  in  Phosphor  Bronte.  Oettel.  (Chem.  Ztg.  XX.  19.)  3  to 
10  gms.  of  the  bronze  are  digested  with  HNO3  and  the  SnOj  resulting 
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(which  reUins  the  PgOg) ;  after  washing,  drying  and  igniting,  is  fused 
with  three  times  its  weight  of  KCy  in  a  porcelain  crucible.  On  cooling 
and  leaching  out  with  water  K,P04  goes  into  solution.  Acidify  with 
HNO,  and  boil ;  cool,  and  pass  H^S  to  remove  small  amounts  of  Cu, 
Pb  and  So  which  may  remain,  fiher,  remove  excess  of  H,S  by  boil- 
ing and  adding  Br  water  and  precipitate  in  the  usual  manner  with  mag- 
Bcsium  mixture.  As  does  not  interfere,  being  removed  by  the  different 
steps  of  the  process. 

Volumetrk for  Phosphoric  Acid,  Veitch.  f  J.  Am,  Chem.  Soc.  XVIII. 
389.)  Pemberton's  method  as  modified  by  Kilgore.  (vid  Quarterly 
XVI.  179  and  XVII.  334.}  After  detailing  numerous  experiments,  the 
conclusions  are ; 

r.  The  molybdate  solution  to  which  HNOg  has  been  added,  standing 
one-half  hour  at  40^-50°,  gives  results  comparing  very  favorably  with 
the  gravimetric. 

2.  While  the  use  of  tartaric  acid  in  the  molybdate  solution  gives  good 
results,  it  possesses  no  advantage,  and  the  extra  time  of  standing  makes 
it  not  so  desirable. 

Phosphates  in  Fertilizers.  Bryant.  (J.  Am.  Chem.  Soc.  XVIII.  491.) 
observes  that  P^Og  in  bone,  tankage,  etc.,  is  of  more  value  than  that  in 
undecomposed  phosphate  rock,  though  it  may  by  the  ordinary  treatment 
berated  as  "insoluble."  He  proposes  the  separation  of  the  heavier 
phosphate  rock  by  specific  gravity  after  washing  out  the  "soluble  "  and 
drying.  The  separating  solution  is  made  by  dissolving  75  gms.  KI  and 
100  gms.  Hgl,  in  350  cc.  of  water,  and  evaporating  to  a  ep.  gr.  of  3.a6. 
Bone  phosphate,  etc.,  is  less  than  this.  Iron  or  aluminum  phosphate, 
silica,  phosphate  rock,  fluorite,  etc.,  arc  heavier. 

Phosphates  in  Thomas  Slag.  Mach  and  Passon.  (Zts.  Angew.  Chem. 
1896.  130.)  100  cc.  of  the  solution  (obtained  by  Wagner's  method)  is 
placed  in  a  half  litre  flask  and  boiled  down  with  10  cc.  cone.  H^SO^ . 
15  cc.  cone.  HNOg  and  a  drop  of  Hg  until  colorless.  After  cooling, 
20  cc.  of  a  lafe  solution  of  NaCI  is  added  to  precipitate  Hg,  and  the 
contents  of  the  flask  is  mixed  into  a  300  cc.  flask,  which  is  then  filled  to 
the  mark  and  100  cc.  of  the  clear  solution  taken,  mixed  with  100  ee.  of 
the  ammonium  citrate  solution,  35  cc.  of  Mg.  mixture  added,  and  the  re- 
mainder of  the  operations  conducted  in  the  usual  manner. 

Detecting  Saric  Acid  in  Milk,  Wine,  Etc.  Doherty.  (Proc.  Lond. 
Chem.  Soc.  1896.  joi.)  The  material  is  mixed  with  NaCjOg  dried  and 
thoroughly  charred,  then  extracted  with  water,  acidified  with  HCl  and 
evaporated  in  a  porcelain  boat  enclosed  in  a  piece  of  combustion  tubing, 
one  end  of  which  has  been  drawn  out  to  a  jet,  through  which  illumi- 
nating gas  is  passed.  The  jet  delivers  into  a  short  piece  of  tubing  with 
holes  at  the  sides  for  admitting  air,  forming  a  glass  Bunsen  burner.  On 
lighting  the  gas  at  the  end  of  the  second  tube,  the  green  flame  is  easily 
seen,  when  BoOg  is  present — provided,  of  course,  that  the  boat  contain- 
ing the  mixture  is  kept  warmed. 

Decomposition  of  Silicates  by  Boric  Add.  Jannasch  and  Heidenreidi. 
(Zts.  Anorg.  Chem.  XII,  208.)  Obtain  HgBOg  absolutely  free  from 
alkali,  by  dissolving  and  recrystailizing  repeatedly  from  a  good  quality  of 
commercial  acid.  Dehydrate  by  fusing  3  to  5  gms.  at  a  time  in  a  plati- 
num crucible,  dipping  the  lower  half  of  the  hot  crucible  in  cold  water 
after  fusion  to  crack  up  the  cake  by  the  sudden  cooling,  and  render  it 
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easily  letnovable.     Pulverize  in  an  agate  mortar  and  preserve  well  pro- 
tected from  moismre  over  CaClj. 

Of  the  silicate  take  at  least  i  gm.  weigtied  out  in  a  (50  to  60  gm.)  Pt 
crucible.  The  amount  of  BjOg  to  be  talcen  depends  on  ttie  decomposa- 
bility  of  the  silicate,  If  readily  decomposed  3  to  4  gms.  may  suffice,  if 
more  difficultly,  5  to  6  times  or  more.  For  feldspar  use  8  times  the 
weight,  mix  intimately  with  a  glass  rod  and  heat  cautiously  with  a  low 
flame  at  first  to  expel  water.  As  the  heat  is  gradually  raised  at  a  certain 
point  there  will  be  a  strong  foaming  and  frothing  which  may  Ite  checked 
before  becoming  too  serious  by  temporarily  removing  the  crucible  cover. 
The  insertion  of  a  small  piece  of  bent  Pt  wire  (stout)  for  stirring,  etc., 
may  be  advantageous  at  this  stage.  Eventually  the  fusion  is  brought  to 
a  quiet  condidon,  which  is  maintained  for  some  time  with  the  full  heat  of 
the  burner,  finishing  with  a  few  minutes  over  the  blast  lamp.  The  whole 
fusion  should  occupy  20  to  30  minutes.  Set  the  hot  crucible  in  cold 
water,  covering  it  well  and  weighting  down  the  cover  to  prevent  loss. 
The  melt  can  be  easily  detached  when  cool,  and  is  treated  in  a  Pt  dish 
with  100  to  150  cc.  of  boiling  water  and  about  50  cc.  of  HCl.  Rinse 
out  the  crucible  separately  with  a  similar  mixture  of  water  and  acid,  and 
unite  the  solutions.  Evaporate  to  complete  dryness.  To  remove  the 
B,0,,  use  anhydrous  methyl  alcohol  saturated  with  dry  HCl,  freshly 
prepared  as  follows :  Place  about  350  cc.  of  ihe  methyl  alcohol  in  a 
wash  bottle,  and  pass  a  rapid  stream  of  anhydrous  HCl  into  it  through 
the  delivery  jet  for  3  to  3  hours,  keeping  the  flaslt  immersed  in  cold 
water.  Wet  down  the  mass  from  the  fusion  with  60  to  75  cc.  of  the  pre- 
pared methyl  alcohol,  and  evaporate  off  on  a  water  bath  with  constant 
stirring.  Two  treatments  of  this  kind  probably  remove  the  B,0,  almost 
entirely,  but  it  is  safe  to  repeat  it  two  or  three  times.  The  dish  should 
fit  the  ring  of  the  water  bath  closely,  that  the  stream  may  not  be  evolved 
too  near  to  the  dish.  Afterward  dry  the  mass  for  fully  an  hour  at.  110'^. 
digest  with  HCl,  filter  off  SiO,  and  proceed  with  the  analysis  in  the  usual 


Soluble  Silica  in  Clays.  Michaelis.  (Chem.  Ztg.  XIX.  2296.)  Lunge's 
assertion  (vid  Quartkrlv  XVII.  331)  that  Na^CO,  solution  is  suited 
for  this  purpose  is  disputed,  the  author  Ending  that  a  10^  NaOH  is  neces- 
sary. A  case  is  cited  in  which  Na^COg  showed  t  to  3^  of  soluble  silica, 
whereas  the  true  proportion  as  determined  by  NaOH  was  about  \(>^. 

Carbon  Dioxide:  lodometric  method.  Phelps.  (Am.  J.  Sci,  [4]  II. 
. )  The  process  consists  in  fining  the  CO^  by  use  of  a  known  amount 
of  Ba(OH)j  in  solution,  in  a  partially  exhausted  flask,  then  adding  ex- 
cess of  1  solution  to  convert  the  excess  of  Ba(OH)  j  into  iodide  and  iodate 
6  BaCOH)j-l-  6Ij  =  Ba(IOj)j  (-5  Bal^  +  6  HjO,  and  finally  titrating 
the  excess  of  I  by  standard  As,0,.  It  was  found  necessary  to  boil  after 
adding  the  I  solution  to  destroy  hypoiodite  which  would  alTect  the  As^O, 
ID  titrating.  The  flask  in  which  the  boiling  is  performed  must  be  con- 
nected so  that  the  escaping  steam  passes  through  KI  that  the  free  I  may 
not  be  lost. 

Carbon  Dioxide  in  Air.  Henriet.  (C.  Rend.  CXXIII.  a.  125.)  The 
fur  is  drawn  through  KOH  of  known  strength.  Phenol  phthalein  is  then 
added,  and  the  cold  dilute  solution  titrated  with  standard  H^SO^.  The 
end  reaction  occurs  when  all  the  CO,  is  in  the  form  of  KHCOg.  On 
this  a  calculation  can  be  based. 
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Absorbent  for  Nitrogen  in  Argon  Determination.  Warren.  (C.  N. 
XXIV.  6.)  CaOorBa(OH)5  is  saturated  wiihstrongsolutionof  LiOH, 
mixed  with  Mg  powder,  and  the  mixture  reduced  io  an  atmosphere 
of  H  at  as  low  a  temperature  as  possible.  The  resulting  mass  contains 
metallic  Li,  as  also  small  amounts  of  6a  or  Ca,  and  will  rapidly  absorb  N, 
so  rapidly  indeed  that  it  may  become  incandescent. 

"Absolute  Method"  for  Nitrogen.  Dunstan  and  Carr.  (Proc,  Lond. 
(Chem,  Soc.  No.  i6i.  Feb.  1896.)  In  determining  N  in  aconitine  by  soda 
lime,  results  closely  according  with  theory  (2.1^)  were  obtained.  On 
applying  the  "absolute  method"  gas  volumes  corresponding  to  ^%  N 
and  over,  were  obtained.  Investigation  disclosed  the  fact  that  methane 
was  mixed  with  the  N,  which  was  oxidized  very  slowly  and  imperfectly 
by  red  hot  CuO.  The  point  is  naturally  suggested  that  error  of  the  same 
kind  may  occur  in  the  application  of  the  "absolute  method"  to  other 
nitrogenous  substances. 

Test  for  Nitrites.  Sabatier.  (C.  Rend.  CXXII.  1417.)  Place  a  drop 
of  the  solution  to  be  tested  on  a  white  ptorcelain,  add  a  drop  of  cone. 
HjSO^,  and  then  a  few  grains  of  Cu^O.  If  a  nitrite  is  present,  a  violet 
or  purple  tint  will  appear.  The  reaction  is  less  sensitive  than  that  with 
metaphenylene'diamine. 

Determining  Nitric  Acid,  P^hard.  fC.  Rend.  CXXI.  758.)  On 
mixing  a  drop  of  a  solution  containing  nitrate  with  a  drop  of  concent. 
HjSO^  and  adding  a  fragment  of  brucine,  the  well  known  red  coloration 
appears.  At  that  point,  if  distilled  water  is  added  drop  by  drop,  at  a 
certain  point  of  dilution  the  coloration  disappears.  At  this  point  the 
liquid  contains  0.0000207  gm-  of  nitrogen  per  cc.  On  conducting  the 
operation  so  that  volumes  of  the  liquids  used  can  be  measured,  a  quanti- 
tative estimation  can  be  effected.  If  pure  HCl  is  used,  instead  of 
HjS04,  only  the  nitrous  nitrogen  is  estimated  by  this  means. 

Nitrates  in  Water.  Alessandri  and  Gassini.  (Bolet.  Chem.  Pharm. 
1895.  490.)  Add  to  the  warm  residue  from  evaporation,  strong  HCl 
containing  a  few  drops  of  phenol.  If  only  traces  of  nitratesare  present, 
on  heating  an  intense  red-violet  coloration  appears,  which  becomes 
emerald  green  on  adding  ammonia. 

Oxygen  in  Water.  Romijn.  (Rec.  Trav.  Chim.  Pays.  Bas.  XV. 
76.)  A  pipette  having  stopcoclcs  above  and  below  is  used  (capacity 
about  2ZO  cc).  The  tube  above  the  upper  pipette  is  graduated.  After 
filling  the  pipette  with  the  water  to  be  tested  and  closing  both  cocks, 
I  cc.  of  a  solution  containing  o.iao  gm.  MnCI^  and  0.085  S™-  ^^  '^ 
placed  in  the  graduated  tube ;  then  by  opening  first  the  upper  cock  and 
then  the  lower,  this  solution  is  drawn  into  the  water.  After  shaking. 
1  cc.  of  asolution  of  Rochelle  salt  (10  gms.  in  ra  cc.)  and  i  cc.  NaOH 
(i  in  10),  are  introduced  in  the  same  manner.  After  shaking  again  and 
allowing  to  stand  for  10  minutes,  i  cc.  of  a  25^  solution  of  HCl  is 
added,  the  water  run  into  an  Erlenmeyer  flask  and  the  I  set  free  is 
titrated  with  standard  Na^SjOg.  A  special  form  of  apparatus  has  been 
devised  for  the  process. 

Estimating  Oxygen  by  Pyrogallol  Solution.  Clowes.  (J.  S.  C.  I. 
XV.  1 70.)  Using  a  solution  containing  10  gms.  pyrogallol  and  34  gms. 
KOH  in  100  cc,  it  was  observed  that  when  the  proportion  of  O  in  the 
gaseous  mixture  analyzed  passed  28^  CO  was  evolved.  Increasing  the 
proportion  of  KOH   in  the  solution  diminished  this  error,  and  when 
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brought  up  to  five  times  as  much  as  that  above  (viz.  i3o  gms.),  the  evo- 
lution of  CO  was  inappreciable.  Alkaline  solution  of  hydroquinone  was 
found  to  be  effective,  though  slow  in  absorbing  O  without  evolution  of 
CO.  The  solution  used  contained  18  gms.  hydroquinone,  and  24  gms. 
KOH  in  100  cc. 

Osont  and  ffydropn  Peroxide.  EngJer  and  Wild.  (Ber.  XXIX. 
1940  )  The  authors  find  that  HjOj,  even  in  the  most  diluted  form,  is 
decomposed  by  CrO^,  whether  the  same  is  in  solution  or  in  solid  form, 
whereas  ozone  produces  no  effect.  Hence  CrOg  is  a  very  delicate  test 
for  HjOj  whether  ozone  is  present  or  not.  They  have  not  found  any 
very  sensitive  reagent  for  ozone  in  presence  of  H^Oj.  The  best  is  paper 
moistened  with  MnCl^  solution  which  turnsbrown  when  ozone  is  present. 
The  same  effect  is  produced  by  ammonia  or  by  (NH4)jCOg,  but  the 
brown  produced  by  ozone  becomes  bluish  on  moistening  with  guaicum 
solution,  which  is  not  the  case  wiih  the  ammonium  brown.  It  is  advised 
to  destroy  HjOj  first  by  use  of  CrO,  solution,  and  then  to  apply  the 
tests  for  ozone. 

New  Reagent  for  Hydrogen  Peroxide.  Bach.  (Chcm.  Ztg.  XIX.  37.) 
A.  solution  is  made  containingo.03gm.  K5(JrjO,,and  5 drops  (0.25  gm.) 
of  anilin  per  litre.  Also  a  5^  solution  of  HjC^O^.  sec.  of  the 
KjCr^Oj  reagent  is  shaken  a  few  times  with  5  cc.  of  the  solution  to  be 
tested,  and  one  drop  of  the  oxalic  solution.  If  HjOj  is  present,  a  violet 
red  coloration  develops.  The  degree  of  sensitiveness  is  i  in  1,400,000. 
Nitrogen  oxides  give  no  reaction,  but  bleaching  powder  and  HCIO  do. 
TheHjO,  from  fresh  green  leaves  can  be  delected  by  this  reagent;  zogms. 
of  the  leaves  are  treated  with  75  cc.  of  a  o.i;:^  HjC^O^  solution,  and 
5  cc.  of  the  solution  tested  as  above. 

Determining  Hydrogen  by  Palladivus  Chloride.  Campbell  and  Hart. 
(Am,  Chem.  Jour.  XVIIJ,  294.)  The  PdClj  solution  was  made  by  dis- 
solving 5  gms.  Pd  wire  in  30  cc.  HCl  with  i  to  2  cc.  HNO3 .  The  solution 
was  evaporated  just  to  dryness  on  the  water  bath  redissoived  by  warming 
in  a5  to  33  cc.  of  water  with  5  cc.  HCl,  and  then  diluted  to  750  cc.  The 
pipette  used  was  the  ordinary  single  Hempel  absorption  pipette,  arranged 
so  as  to  be  easily  detached  from  the  stand.  After  introducing  the  solution 
and  then  the  gas  to  be  analyzed,  the  pipette  was  closed  and  placed  in  a 
boiling  water  bath  for  2  hours,  unless  the  amount  of  H  exceeds  65  cc.  or 
the  pipette  has  been  previously  used,  in  which  cases  a  longer  time  is  re- 
quired.   Absorption  is  retarded  by  the  use  of  strongly  acid  solutions. 

Water,  Test  for  Contamination.  Nordlinger,  (Fres.  Zts.  Anal.  Chem. 
XXXV.)  Cresol  orsaprol,  when  added  to  the  contents  of  a  cesspool 
may  serve  to  indicate  whether  the  contents  of  the  cesspool  pass  into  a 
water  supply.  The  odor  of  one  part  in  a  million  is  perceptible,  and  the 
taste  is  apparent  if  one  part  is  present  in  two  million. 

BoiUr  Scale.  Reichard.  (Chem.  Ztg.  XX.  65.)  Silica  was  found 
to  be  a  cause  of  "scale"  in  one  case.  The  water  contained  8.6  total 
solids  per  hundred  thousand,  in  which  were  CaO  2.08,  MgO  0,22,  SiOj 
2.6  and  alkalies  (weighed  as  chlorides)  2.35.  The  scale  consisted  chiefly 
ofSiOj  and  CaO. 

Degree  of  Oxidation  of  Oils.  Bishop.  (J.  Pharm.  etChim.  1896.  55.) 
Precipitated  SiO,  is  suitable  for  dividing  up  the  oil,  but  used  alone  the 
oxidation  proceeds  two  slowly.  By  addition  of  2;&  of  manganese  resi- 
nate  the  test  can  be  conducted  in  a  reasonable  time.    The  commercial 
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resinale  should  be  purified  by  dissolving  in  ether  or  petrdeum  spirit, 
filtering,  and  evaporating  off  the  solvent  The  dry  resinate  (found  to 
contain  9.8^  MnO)  is  powdered  and  bottled  for  use. 

Weigh  out  18  gms.  of  the  oil,  add  to  it  0.2  gm.  of  the  resinate,  and 
cause  the  same  to  dissolve  by  constant  stirring  over  a  water  bath ;  cool, 
weigh  out  in  a  flat  dish  (with  rod),  i  gm.  of  SiO,  and  add  to  it  drop  by 
drop  1. 03  gms.  of  the  resinated  oil,  mixing  it  in  thoroughly.  Spread  the 
mass  over  the  bottom  of  the  dish,  and  set  it  aside  at  a  temperature  of  1 7 
to  25°  C.  for  drying  oils,  and  of  ao  to  30°  C.  for  other  oils.  Weigh 
after  six  hours  and  twice  again  in  34  houis,  stirring  up  after  each  weigh- 
ing. The  maximum  increase  in  weight  multiplied  by  100  gives  the  de- 
gree of  oxidation. 

Analysis  of  Mortar.  Dibdin  and  Grimwood.  (Analyst.  XXI.  197.) 
Crush  the  sampleand  mix  thoroughly;  weigh  out  10  gms.  in  a  platinum 
dish  and  dry  in  an  air  bath  in  the  usual  manner  for  determining  water  by 
loss.  The  absorption  of  CO,  is  insignificant  in  amount.  Weigh  out  an- 
other 10  gms.,  stir  up  in  a  bsaker  with  solution  of  to^  HCl,  allow  to 
stand  one  minute,  pour  off  solution  and  suspended  earthy  matter,  and 
repeat  this  until  the  supernatant  liquid,  on  standing  for  one  minute,  is 
perfectly  clear.  Wash,  dry  and  weigh  the  residue  as  "sand."  Filter 
off  the  "earthy  matter,"  wash  dry  and  weigh.  In  aliquot  portion  of 
the  solution  determine  SiO,.  Fe^Oa,  AljOj,  CaO  and  SOj.  (The  pres- 
ence of  MgO  is  ignored  by  the  authors.  Abs.)  Thedriedsampleisignited 
at  low  red  heat  and  the  loss  on  ignition  noted.  It  is  then  moistened  with 
water  to  hydrate  the  CaO,  dried  at  azo"  F.  and  rcweighed. 

Ordinary  Mortars.  Commercial  lime  contains  about  80^  CaO.  In 
England  crushed  brick  is  much  used  instead  of  sand  for  making  mortars, 
and  in  some  cases  the  bricks  contain  CaCO^.  The  mixtures  arc  of 
course  usually  made  by  volume.  Two  ratios  are  calculated,  viz.,  tliat  of 
lime  to  sand  (or  broken  brick]  and  that  of  lime  to  all  other  matters  (ex- 
cluding water).  The  total  CaO  (as  CaO,  CaCOj  and  CaSO«)  is  in- 
creased by  one-fourth  to  obtain  the  weightoi  commercial  lime  used.  This 
figure  must  again  be  increased  by  one-fourth  to  obtain  the  volume  used, 
as  compared  with  that  of  the  sand  or  broken  brick,  e.  g.,  in  a  sample  ex- 
amined 10.89  of  CaO  was  found.  10.89  4- 3.72  =  13.61  =^  weight  of 
commercial  lime,  and  13.61  +  3.40  ^=  17.00  =:  volume  of  commercial 
lime.  In  this  case  broken  brick  being  calculated  as  48.75,  the  ratio  of 
lime  to  brick  by  volume  was  17:  49,  or  nearly  i :  3. 

Cement  Mortars.  The  calculation  is  made  on  the  soluble  silica  found. 
This  may  be  checked  by  the  proportion  of  lime.  It  may  be  assumed  that 
a  fair  average  Portland  cement  will  contain  18^  of  soluble  silica  and 
60^  CaO.  The  percentage  of  soluble  silica  multiplied  by  5.55  should 
give  approximately  the  weight  of  cement  used.  To  this  figure  add  one* 
eighth  to  obtain  the  volume  relatively  to  that  of  the  sand,  and  calculate 
as  before. 

The  data  used  in  the  calculations  of  volume  were: 

18.5  cc.  commercial  lime  weighed  17.38  gms, 
"        crushed  brick  "         ai.13    " 

"        clean  sand  "  21.70     " 

"        Portland  cement        "        "9-30    " 
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ne  Chemical  Anafysis  of  Iron.  A  complete  accouDt  of  all  the  best 
IcDown  methods  (at  the  analysis  of  iron,  steel,  pig-iron,  iron  ore, 
limestone,  slag,  clay,  sand,  coal,  coke,  and  furnace  or  producer 
gases.  By  Alexander  A.  Blair.  Third  Edition:  Philadelphia, 
J.  B.  Lippincott  Co.    1896. 

Many  thoughts  suggest  themselves  on  the  appearance  of  the  third  edi- 
tion of  this  book.  Many  men,  not  yet  reckoning  themselves  as  "old" 
csD  remember  the  times  when  a  chemist  attached  to  a  manufacturing 
establishment  (metallurgical  or  other)  was  regarded  as  an  ornamental  and 
useless  appendage.  Sharp  competition,  and  the  consequent  necessity  for 
striving  for  the  best  attainable  quality  in  their  main  products,  and  a  pos- 
sible utilization  of  by  products,  has  completely  changed  that  condition  of 
affairs. 

The  consequence  also  has  been  that  students  of  the  science  of  chemistry 
have  become  more  practical  in  their  work  and  their  way  of  regarding  its 
bearings.  Specialization  in  different  lines,  has  inevitably  followed. 
Rapid  and  accurate  work  in  the  analytical  laboratory,  to  control  the 
woiIe  of  the  manufactory,  and  to  guide  the  buyer  or  seller,  has  become 
indispensable. 

Special  books,  dealing  with  chemical  work  pertaining  to  particular  in- 
dustries have  become  a  necessity ;  but  each  has  had  to  submit  to  the 
critical  eicamination  of  expert  workers,  many  of  whom  have  had  a  wide 
experience. 

This  is  especially  true  in  connection  with  one  of  the  most  important 
industries  of  our  country — that  of  iron  and  steel,  and  the  fact  that  a  third 
edition  of  Mr.  Blair's  excellent  book  has  so  soon  been  tendered  necessary, 
is  strong  testimony  as  to  its  value,  and  the  estimation  in  which  it  is  held. 

The  changes  which  have  been  made  from  the  previous  edition  are  in- 
dications of  the  progress  made  in  this  branch  of  chemistry  and  of  the 
careful  attention  paid  to  them  by  the  author.  Some  of  the  fruits  of  the 
labors  of  the  International  Standards  Committee  are  presented  in  the  de- 
scription of  the  volumetric  method  for  phosphorus,  which,  as  stated  in 
the  preface,  is  tentative  and  not  official.  The  changes  in  the  manipula- 
tion of  that  process  (which  still  follows  the  lines  of  Emmerton's  method) 
are  the  most  radical  of  any  to  be  observed  in  the  book.  The  molybdate 
reagent  is  made  up  a  little  stronger  than  before  and  containing  much  less 
ammonium  nitrate,  a  plan  which  conduces  to  the  maintenance  of  the 
strength  of  the  reagent  by  avoiding  the  slow  deposition  of  molybdic  acid. 
Purification  of  the  reagent  (chieHy  from  silica)  by  addition  of  a  small 
amount  of  microcoemic  salt,  settling  and  decanting  off  is  recommended. 
The  description  of  the  simplified  form  of  "  reductor  "  is  most  welcome. 
When  managed  in  accordance  with  the  minute  directions  given,  it  is 
quite  as  efficient  as  the  more  elaborate  form  of  apparatus  originally  de- 
scribed by  Jones.  Jones's  description,  and  the  figure  of  his  apparatus  as 
or^nally  described,  is  retained  in  the  chapter  on  iron  ores,  though  sup- 
plemented with  a  suggestion  as  to  the  use  of  the  simplified  form.  The 
use  of  amalgamated  zinc  in  the  reductor  is  another  change.     The  reduc- 
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tion  attained  hy  this  means  is  given  as  to  Moj^  Ojj  instead  of  as  before 
to  Mojj  Ojj,  which  hsis  necessitated  a  slight  change  in  the  factor  \>f 
which  the  iron  standard  of  the  permaoganate  solution  must  be  multiplied 
to  give  the  phosphorus  standard.  In  Emmerton's  description  the  factor 
was  0.9076x0.01 794  ==0.01683;  '°  the  improved  method  the  factor  be- 
comes 0.88163  >;o. 01794  =0.015816;  when  the  solution  is  boiled  in  a 
flask  with  granulated  zinc  it  is  0.585714x0-01794=^0.015377.  In  this 
connection  it  is  noted  that  the  change  in  the  color  of  the  reduced  solution 
from  green  to  "  brown  "  ("  port  wine,"  according  to  Emmerton,)  is  fetal 
to  the  accuracy  of  the  determination. 

As  regards  sulphur  determinations  in  manufactured  irons  it  is  re- 
marked that  no  method  is  perfectly  satisfactory.  A  priori  it  might  seem 
that  the  sulphur  determination  would  be  the  simplest  determination,  and 
the  one  most  easily  and  rapidly  executed,  but  the  wide  disagreement  in 
results  (when  sulphur  is  smnll  in  amount)  between  different  skilled  an- 
alysts on  the  same  sample,  indicates  that  methods  giving  satisfactory  re- 
sults are  yet  to  be  desired.  The  objections  to  the  evolution  methods  for 
pig  irons,  raised  by  Phillips  and  Matthewman  are  quoted ;  nevertheless, 
the  author  states  that  in  steels  he  has  always  obtained  what  he  believes  to 
be  correct  results  by  an  evolution  method  where  evolution  occurs  in  an 
atmosphere  of  hydrogen,  and  alkaline  lead  nitrate  is  the  absorbent.  The 
method  which  he  has  used  is  minutely  described.  Several  modifications 
have  been  made  in  the  description  given  in  the  fonner  edition.  One  of 
the  most  important  is  the  speed  with  which  the  operation  should  be  con- 
ducted. 

Under  determinations  of  total  carbon  we  have  as  new,  Bourgeois'  com- 
bustion with  potassium  bisu)phate  (applicable  to  ferrochrorae  and  similar 
special  products)  and  Wiborgs'  method  as  modified  by  Nolly — (oxidation 
of  the  borings  by  a  mixture  of  sulphuric,  chromic  and  phosphoric  acids, 
the  COj  being  measured).  The  descriptions  of  one  or  two  methods 
which  are  now  but  seldom  used,  have  been  omitted. 

The  method  for  the  separation  of  arsenic  in  irons  by  precipitation  has 
been  dropped  out,  that  by  distillation  being  retained. 

A  rapid  method  for  determination  of  tungsten  has  also  been  introduced. 

For  manganese  in  iron  ores  we  find  additions  in  descriptions  of  a 
modification  of  Volhard's  method  and  that  of  Pattinson. 

Throughout  the  book  are  also  to  be  found  new  hints  and  suggestions 
drawn  from  recent  chemical  literature,  indicating  the  care  with  which 
every  detail  of  the  directions  of  the  former  edition  has  been  scrutinized. 

The  book  merits,  and  cannot  but  receive,  a  most  cordial  welcome. 

E.  W. 

A  Manual  of  Quantitative  Chemical  Analysis  for  the  Use  of  Students. 

By  Frederick  A.  Cairns,  A.M.     Revised  and  Enlarged  by  Elwyn 

Waller,  Ph.D.     Henry  Holt  &  Co.,  N.  Y.     1896.     Octavo,  41? 

pages.     Price,  J2.00. 

This  manual  is  admirably  adapted  to  the  needs  of  students  pursuing  a 

course  in  mineral  or  inorganic  quantitative  analysis  and  at  the  same  time 

is  a  handy  reference  book  for  chemists  of  experience. 

The  general  arrangement  of  the  first  edition  is  preserved,  except  that 
the  chapters  on  commercial  organic  analysis,  such  as  soap,  oil,  calcium 
acetate,  etc.,  have  been  omitted.     The  author  first  gives  instructions  as 
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to  measurlDg,  weighing  and  other  operations,  also  precautions  in  regard 
to  the  use  of  platinum  and  directions  for  preparing  reagents;  then 
methods  for  the  analysis  of  pure  salts,  such  as  barium  chloride,  magne- 
sium sulphate,  calcium  carbonate,  etc. 

The  main  portion  of  the  work  consists  of  twenty-nine  chapters  devoted 
to  the  following  analyses :  Feldspar,  Limestone,  Clay,  Manganese  Ore, 
Iron  Ores  (partial  and  complete  analysis),  Chromite,  Slags,  Manufactured 
Irons,  Aluminum,  Zinc  Ore,  Nickel  Ore,  Copper  Ore,  German  Silver, 
etc.,  Lead  Ores,  Tin  Ore,  Bronze,  Arsenic  Ore,  Antimony  Ore,  Type 
Metal,  Refined  Lead,  Paint.  Water,  Acidimelry  and  Alkalimetry,  S<xla, 
Chlorimetry,  Fertilizers,  Coal  and  Nitrates. 

The  appendix  contains  besides  tables  of  specific  gravity  of  acids, 
alkalies,  etc.  Dr.  Waller's  "Properties  of  Precipitates,"  which  shows 
the  student  at  a  glance  the  solubility,  best  conditons  for  formation  and 
possible  contaminants  of  any  precipitate  he  is  likely  to  use. 

The  improvements  in  certain  chapters  deserve  special  mention.  The 
analysis  of  iron  ore  has  been  largely  rewritten  and  new  features  intro- 
duced, also  schemes  for  the  separate  determination  of  iron,  sulphur, 
phosphorus  and  silica.  The  chapter  on  manufactured  iron  (35  pages) 
has  been  revised  and  contains  the  volumetric  method  for  phospliorus  by 
titrating  the  "  yellow  precipitate"  after  reduction  by  potassium  perman- 
ganate. Dr.  Waller  has  adhered  to  the  old  ratios  in  this  case  giving  the 
composition  of  the  precipitate  as  laMoOg,  (NH^)3po^  and  the  oxide 
formed  after  reduction  as  MojjO,g.  In  spite  of  the  great  discussion  of 
these  reactions,  opinion  differs  in  regard  to  them  but  the  preponder- 
ance of  testimony  is  against  the  old  Emmerion  ratio  as  given  in  this 
book.     The  other  methods  described  are  excellent. 

A  new  chapter,  devoted  to  aluminum  and  aluminum  bronze,  is  a  valu- 
able addition.  Under  copper  ore,  the  "  cyanide  "  and  "iodide"  methods 
now  largely  used  arc  described.  Under  arsenic,  Pearce's  method  and  the 
distillation  method  are  described  in  full.  Nearly  fifty  pages,  devoted  to 
the  analysis  of  fresh  and  mineral  waters  arc  especially  valuable  on 
account  of  Dr.  Waller's  great  experience  in  this  work. 

The  revised  book  has  been  prepared  with  great  care  and  in  its 
superiority  over  the  previous  edition  keeps  pace  with  the  rapid  advance 
of  analytical  chemistry  during  recent  years.  £.  H.  M. 

Elementary   Solid    Geometry   and   Mensuraiion.     By   Henry    Dallas 
Thompson,  D.Sc-,  Ph.D.,   Professor  of  Mathematics  in  Princeton 
University.     New  York,  The  Macmillan  Company,  1896.     200  pp. 
Price,  Ji.25. 
This  is  an  exceedingly  elementary  work  on  geometry,  brief  and  in- 
teresting, well  conceived  and  well  written.     In  it  the  author  has  endeav- 
ored with  much  success  to  build  up  a  logical  train  of  reasoning,  as  com- 
pact as  possible,  and  at  the  same  time  to  impress  upon  the  pupil  the  fact 
that  the  acquisition  of  an  exact  mode  of  expression  is  one  of  the  most 
valuable  results  of  the  study  of  geometry.  J.  W.  D. 

Trigonometry  for  Beginners.  By  the  Rev.  J.  B.  Lock,  M.A.,  Fellow 
of  Gonville  and  Cains  Collie,  Cambridge.  Revised  and  enlarged 
for  the  use  of  American  schools  by  John  A.  Miller,  A.  M. ,  Assistant 
Professor  of  Mathematics,  Leland  Stanford  Jr.  University.     New 
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York,  The  HacmillaLn  Company,  1S96.     147  pp.,  and  63  pp.  of 
tables.     Price,  #t.io. 

This  is  a  most  excellent  book  for  beginoets.  it  is  a  good-sized  octavo, 
upon  whose  roomy  pages  the  text,  forroulse,  diagrams  and  tables  are  dis- 
posed in  a  pleasing  way.  The  paper  is  unusually  thick,  and  the  print 
unusually  bold,  sharp  and  clear,  which  makes  the  appearance  agreeably 
substantial,  and  invites  perusal. 

The  subject  itself  is  elucidated  in  a  remarkably  clear,  easy  and  thor- 
ough manner;  all  the  essential  propositions  are  contained,  and  nothing 
superfluous.  Abundant  exercises  in  proving  trigonometric  identities  fol- 
low each  group  of  newly  derived  formulae.  A  special  chapter  is  devoted 
to  the  solution  of  trigonometric  equations,  a  topic  omitted  in  too  many 
treatises ;  and  another  chapter  familiarizes  the  student  with  the  use  and 
notation  of  inverse  trigonometric  functions.  The  question  of  ambiguity 
of  solution  has  received  careful  attention. 

The  tables  are  computed  to  five  places  of  decimals,  and  were  arranged 
by  Dr.  Frank  L.  Scvenoak  of  the  Academic  Department  of  Stevens  In- 
stitute. The  explanations  preceding  the  tables  are  exceedingly  concise 
and  clear.     It  would  be  hard  to  praise  this  Ixx^  too  highly. 

J.  W.  D. 

TTu  Elements  of  Physics;  Vol.  II.,  Electricity  and  Magnetism.  By 
Edward  L.  Nichols  and  William  S.  Franklin.  New  York,  The 
Macmillan  Comi^ny.  373  pp.,  328  diagrams  and  illustrations. 
Price,  J1.50. 

The  second  volume  of  the  scries  of  three  on  The  Eiemenis  of  Fhysks,  by 
the  above  authors,  has  just  made  its  appearance.  The  work  is  intended  as 
a  college  text-book  and  proves  by  its  cootents  and  mathemadcal  treat- 
ment, that  it  is  thoroughly  up  to  date.  The  opening  chapter  on  "  Dis- 
tributed Quantity,"  sets  forth  a  few  fundamental  theorems  in  regard  to 
scalar  and  vector  quantities/  In  mastering  this  portion  of  the  tKXik  the 
student  acquires  sufficient  mathematical  knowledge  to  easily  follow  the 
remainder.  The  next  three  chapters  are  devoted  to  the  ordinary  discus- 
sions of  permanent  magnetism,  galvanometers,  resistance  and  electro- 
motive force. 

Under  "The  F.lectric  Charge"  the  authors  present  the  theory  of  the 
ballistic  galvanometer  for  measuring  transient  currents,  followed  by  an 
admirable  treatment  of  the  theory  of  electrolysis.  Simple  electrical 
measurements  form  the  topics  of  a  separate  chapter. 

From  this  point  on  the  authors  confine  themselves  for  seventy  pages  to 
"  Electrostatics,"  which  they  present  under  four  heads  :  First,  the  ordi- 
nary simple  phenomena;  second,  a  mathematical  investigation  of  the 
properties  of  the  electrostatic  field  ;  third,  "  Capacity,"  and  fourth,  the 
phenomena  of  discharge,  among  which  Rontgen  rays  are  mentioned. 

The  next  subject  considered  and  treated  in  a  very  able  manner  is 
Magnetism,  including  among  other  topics  Magnetic  Flux,  Magnetizing 
Force,  Susceptibility,  Permeability,  Hysteresis  and  Diatnagnetism. 

This  subject  being  disposed  of  brings  the  student  to  questions  of  in- 
duced electromotive  force,  self  and  mutual  induction.  Thermo-electricity  is 
touched  upon,  followed  by  a  curious  chapter  of  only  eighteen  pagesderoted 
to  the  practical  applications  of  electricity  and  magnetism,  in  whidi  the 
authors  attempt  to  explain  the  various  methods  and  tfiparatus  in  so  brief 
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a  manner  that  unless  very  much  amplified 'by  lectures,  this  portion  of  the 
book  would  be  of  no  service  whatever  to  the  ordinary  college  student. 

The  volume  closes  with  two  very  useful  chapters;  one,  a  r&um6  of 
electric  and  magnetic  equations,  arranged  so  as  to  point  out  the  similari- 
ties and  points  of  difference  between  them;  the  other,  explaining  the 
mechanical  conceptions  of  electricity  and  magnetism. 

A  •  a  whole,  the  volume  is  most  certainly  a  valuable  aid  to  the  student 
on  account  of  the  unusual  clearness  of  its  deductions  aided  by  especially 
fine  diagrams.  It  will,  without  doubt,  be  given  a  high  rank  among  the 
mathematical  text-books  on  physics.  W.  H.  F. 

RbiUgen  Rays  and  Phenomenon  of  the  Anode  and  Cathode.  By  Edward 
P.  Thoupsom.     D.  Van  Nostrand.     1896.    190  pages.    Octavo. 

The  wide-spread  interest,  both  scientific  and  popular,  in  the  subject  of 
radiant  energy  developed  within  and  from  a  discharged  tube  as  a  source 
of  X-rays  forms  the  topic  of  this  book.  The  author  aims  to  interest  the 
student  and  those  generally  interested  in  science,  and  in  this  attempt  he 
introduces  the  method,  which  is  so  convenient  for  reference,  of  number- 
ing the  paragraphs  so  that  cross-references  can  be  rapidly  and  conveniently 
made.  The  surgical  bearing  of  the  X-ray  is  a  very  wide  field  of  its  in- 
terest  and  receives  considerable  reference.  The  photographic  side  also, 
for  professionals  and  amateurs,  is  considerably  treated.  The  author  pro- 
tects himself  in  its  Preface  against  the  very  critical  difficulty  in  a  subject 
which  has  been  developing  so  rapidly,  lest  in  his  accrediting  of  an  ex- 
periment or  discovery  he  shall  have  disappointed  some  who  may  have 
antidated  the  published  experiment. 

The  Introduction  gives  its  definition  of  the  Rontgen  and  X-ray  as  a 
form  of  enei^y  radiated  from  a  highly  exhausted  discharge  tube,  which  is 
energized  by  an  induction  coi!  or  other  suitable  electrical  apparatus. 
While  the  book  does  not  entirely  follow  the  chronological  method  it 
outlines  the  early  experimentation  with  brush  discharges  by  Faraday 
and  others,  and  the  Maxwell  Flucker  and  Geissler  investigations  which 
imve  been  so  thoroughly  identified  with  physical  apparatus  in  use  for 
many  years.  Later  the  test  figures  identified  with  the  names  of  Lichten- 
berg,  Hammer  and  McKay,  and  the  early  Tesia  experiments.  Then 
follows  the  investigations  on  the  cathode  rays  followed  by  Lenard  up  to 
which  the  history  is  led  to  the  time  of  the  Rontgen  experiments  in  Jan- 
uary, 1895,  and  the  latter  developmenls  by  Edison  and  the  host  of  other 
experimenters  whom  the  Rontgen  announcement  has  stimulated  to  wide 
research. 

The  book  is  very  copiously  illustrated,  and  modem  contributions  re- 
ceive a  personal  interest  by  cuts  of  apparatus  and  figures,  as  well  as  repro- 
ductions of  some  of  the  best  work. 

The  fiual  chapter,  by  Prof.  William  A.  Anthony,  covers  the  rteum^  of 
the  theoretical  relations  which  seem  to  be  suggested  by  the  state  of  the 
art  at  the  time  of  writing.  The  book  is  preceded  by  a  portrait  of  Dr. 
William  Conrad  Rontgen  in  half  tone,  which  process  is  also  used  for 
most  of  the  sciagraphs  with  which  the  book  is  illustrated.  There  are  sixty 
diagrams. 

It  represents  an  enormous  amount  of  work  in  investigation,  collocation 
and  cross  reference,  and  will  be  found  very  useful  and  complete  to  any 
one  to  whom  this  subject  may  come  to  be  taken  up  in  detail.     F.  R.  H. 
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Humphrey  Davy,  Poet  and  Plulasopher.  By  T.  E.  Thorpe,  LL.D. 
F.R.S.     The  Macmillan  Co.     1896. 

It  is  a  little  difficult  for  the  scientist  of  the  present  day  to  put  himself 
back  into  the  conditions  which  pievailcd  in  England  with  respect  to  such 
matters  in  the  beginning  of  the  present  century.  For  this  reason  the 
biography  of  two  hundred  and  thirty-six  pages  which  introduces  Davy  as 
a  scientist,  and  the  influence  which  the  Royal  Institution  of  Great  Britain 
has  had  in  offering  an  arena  for  some  and  an  asylum  for  others  of  those 
who  have  helped  to  bring  the  abstractions  of  science  to  the  service  of  all, 
is  a  book  which  may  well  receive  more  than  passing  notice.  The  Royal 
Institution  was  an  establishment  as  originally  conceived  for  the  benefit  of 
the  poor,  and  it  was  deemed  expedient  in  that  day  when  the  influence  of 
purely  altruistic  motives  was  less  thought  of,  that  it  was  desirable  to  render 
It  fashionable  to  cooperate  in  the  work  of  such  an  organization.  Count 
Rumford  was  an  enthusiast  for  philanthropy  in  the  direction  of  procuring 
comforts  and  conveniences  of  life  through  the  improvements  of  arts  and 
manufactures  due  to  science,  and  aimed  to  have  this  attained  by  effusing 
knowledge  and  full  philosophical  lectures  and  experiments.  It  was  in 
180Z  [hat  Davy,  summoned  from  Bristol  some  months  before,  began  his 
first  lecture  which  marked  and  stamped  upon  the  Royal  Institution  the 
character  which  it  has  since  retained  and  which  up  to  that  time  it  had 
been  scarcely  able  to  acquire.  From  that  time  on  its  laboratories  became 
the  centres  of  much  of  the  deductive  experiments  in  chemistry  and  elec- 
tricity in  the  first  decade  of  the  century.  It  would  be  impossible  to  make 
detaib  of  reference  to  Davy  on  the  work  in  his  relation  as  head  of  the 
laboratory,  but  the  alkalis  and  alkaline  earths,  the  discovery  of  chlorine, 
fluorine,  and  his  investigations  on  carbon  in  form  of  the  diamond  are  but 
a  few  of  those  which  from  1803  until  his  health  failed  in  1824  emanated 
from  the  laboratories  of  ihe  institution. 

In  1813  Michael  Faraday  entered  the  laboratory  as  assistant  to  Sir 
Humphrey,  and  from  that  time  on  they  worked  in  cooperation  and  in 
close  friendship. 

So  much  of  the  early  chemical  work  of  those  days  has  been  built  into  the 
foundations  of  modern  science  in  connection  with  the  contemporary  and 
later  work  of  others,  that  it  is  sometimes  hard  to  disentangle  the  work  of 
any  one  from  that  of  all,  but  the  name  of  Sir  Humphrey  Davy  is  inti- 
mately associated  in  the  minds  of  all  engineers  with  the  service  which  he 
rendered  among  the  fiery  mines  of  Great  Britian  by  the  invention  of  the 
Davy  safety  lamp.  The  collieries  of  the  North  of  England  have  been 
greatly  stimulated  by  the  developments  of  the  iron  business  after  puddling 
had  been  introduced,  and  by  the  improvements  in  the  steam  engine 
which  had  occasioned  a  much  more  wide  spread  application  of  machin- 
ery to  industry.  In  the  early  days  of  working  in  such  mines  the  shafts 
were  shallow  and  the  workings  usually  but  a  short  distance  from  the 
shafts.  These  were  conditions  which  enable  primitive  methods  of  venti- 
lation to  be  satisfactory,  although  the  explosions  from  the  use  of  naked 
lamps  had  not  been  unknown  under  the  earlier  conditions.  Ventilation 
by  furnace  was  introduced  in  England  in  173a,  and  attempts  to  light  by 
the  flow  of  sparks  from  steel  and  flint  had  been  attempts  to  avoid  the  use 
of  flame  light.  By  1812  explosions  had  begun  to  become  frequent  and 
had  caused  a  lois  of  life  which  had  directed  public  attention  to  the  dan- 
gers of  the  miners,  and  a  society  was  formed  to  investigate  and  seek  for 
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remedies.  It  was  in  that  year  that  Davy  was  asked  to  give  attention  to 
the  subject,  aod  after  some  exhaustive  experiments  he  discovered  the 
principle  that  explosive  mixtures  of  fire  damp  will  not  pass  through  small 
apertures  and  tubes,  and  it  was  on  November  9th  of  that  year  that  hi» 
fiist  paper  was  read  before  the  Royal  Society.  Its  "Philosophical 
Transactions "  contains  illustrations  of  the  first  and  later  safety  lamp, 
and  are  reproduced  in  Mr.  Thorpe's  book.  The  lamp  was  immediately 
widely  introduced,  and  recognition  poured  in  upon  Davy  from  all  sides 
in  the  form  of  addresses,  public  meetings,  banquets,  sets  of  plate,  and 
the  like.  He  was  urged  by  several  of  his  friends  to  protect  his  invention 
by  a  patent.  They  suggested  to  him  that  its  value  would  be  represented 
by  five  or  ten  thousand  pounds  a  year,  but  his  letter  to  one  of  these 
friends  contains  the  following  paragraph  : 

"My  sole  object  was  to  serve  the  cause  of  humanity,  and  if  I  have 
succeeded  I  am  amply  rewarded  in  the  gratifying  reHecdon  of  having 
done  so.  More  wealth  would  not  increase  either  my  fame  or  my  happi- 
ness. It  might  undoubtedly  enable  me  to  put  four  horses  to  my  carriage, 
but  what  would  it  avail  me  to  have  it  said  that  Sir  Humphrey  drives  his 
carriage  and  four." 

Mr.  George  Stephenson  had  also  been  working  on  very  much  the  same 
lines,  and  as  is  so  often  the  case  the  two  men  reached  the  same  result  by 
independent  investigation.  Davy's  solution,  however,  seems  to  have 
been  the  more  elegant  of  the  two  and  to  have  been  a  direct  deduction 
from  scientific  principles.  He  received  the  Rumford  medal  of  the  Royal 
Society  in  1816  for  his  work  in  connection  with  flame  and  the  lamp. 
Realizing  what  such  a  laboratory  as  that  conducted  by  Ihe  Royal  Institu- 
tion had  done  for  science  it  was  his  desire  that  similar  laboratories 
should  be  maintained  and  administered,  but  he  received  no  effectual 
support. 

There  is  much  of  interesting  personal  reminiscence  and  suggestion  in 
the  book  concerning  the  fishing  trips  which  Davy  took  and  his  friendship 
for  Sir  Walter  Scott.  One  who  was  present  at  an  evening  talk  of  Scott 
and  Davy  is  reported  to  have  said,  "This  has  been  a  very  superior  oc- 
casion ;  Sirs  I  wonder  if  Shakespeare  and  Bacon  ever  met  to  screw  each 
other  up," 

His  health  failed  in  1814  and  he  crossed  to  the  continent  for  travel  in 
warmer  climates,  experiencing  benefit  for  a  time,  but  he  was  never  en- 
tirely well  thereafter.  His  death  took  place  in  Geneva,  May,  38,  1839, 
and  his  monument  is  in  that  city.  F.  R.  H. 

A  Preliminary  Report  on  the  Clays  and  Clay  Industries  of  the  Coal  and 
Coal-bearing  Counties  of  Indiana.  By  W,  S.  Blatchlev.  20th 
Ann.  Rept.  Dep't,  of  Geology  and  Natural  Resources.    Pp.  23-184. 

It  is  extremely  gratifying  to  see  one  more  State  recognize  the  impor- 
tance of  its  clay  resources,  and  especially  Indiana  whose  plastic  materials 
are  of  such  importance.  The  present  report  includes  the  counties  of 
Parke,  Fountain,  Vermilion,  Vigo,  Clay,  Owen,  Greene,  Sullivan,  Knox, 
Daviess,  Martin,  Dubois,  Pike,  Gibson,  Vaqderburgh,  Warrick,  Spencer, 
Perry  and  Lawrence. 

After  a  brief  introduction  on  the  nature  and  classification  of  clays,  the 
deposits  are  described  by  counties.    Most  of  the  beds  arc  intcrstratified 
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with  coal,  sandstone  and  shale,  and  they  are  (rften  of  excellent  quality. 

Many  sections  are  given  as  well  as  numerous  analyses. 

The  recent  nature  of  the  information  about  the  Indianaite.or  kaolin  of 

Lawrence  Co.,  is  interesting.     According  to  Mr.  Blatchley  the  deposits 

of  this  material  have  not  been  worked  since  1892,  and  prior  to  that  date 

was  only  used  for  sizing  paper. 
The  description  of  the  clay  deposits  is  followed  by  a  brief  account  cX 

the  methods  of  manufacture. 
The  clay  products  produced  in  Indiana  togtiher  with  their  annual 

value  are : 

Paving  brick, 1310,000 

Common  brick  and  drain  tile, 291,510 

Dry  pressed  brick, 160,000 

Earthenware  and  stoneware,     39,100 

Sewer  pipe  and  hollow  goods, 340,000 

Firebrick, 3><'So 

Total, 11,133,660 

H.  R. 


DEPARTMENT  NOTES. 


METALLURGICAL  DEPARTMENT. 

A  new  feature  in  the  course  of  instruction  in  metallurgy  was  inaugurated 
this  year.  A  Summer  School  in  Practical  Metallurgy  was  held  at  Butte, 
Montana,  in  July,  at  the  expiration  of  the  time  devoted  to  the  Mining 
School. 

The  class  of  students  under  the  direct  supervision  of  Dr.  Struthers  totA 
up  the  study  of  the  smelting  of  copper  and  silver  ores  at  Butte,  Mont. 
This  district  afforded  an  excellent  field,  as  Montana  produces  over  one- 
half  of  the  United  States'  supply  and  over  one-fourth  of  the  world's  sup- 
ply of  copper,  Montana's  production  for  1895  was  over  180,000,000 
pounds  of  copper  and  over  Jzo, 000,000  of  silver. 

The  requirements  were  strictly  adhered  to  and  comprised  all  the  im- 
portant data  relative  to  the  subject,  including  the  description  of  process  as 
employed  at  the  special  works  visited,  sketches  of  furnaces  with  dimen- 
sions, calling  for  plans,  sections,  elevations  and  special  drawings,  the 
chemistry  of  the  processes,  the  mechanical  handling  of  material,  labor, 
costs,  etc. 

Class  and  individual  instruction  were  given  by  Dr.  Struthers.  Note 
books  were  freely  used  and  were  corrected  and  criticized  before  the  fol- 
lowing day's  work,  while  the  subject  was  fresh  in  mind. 

All  the  smelting  and  refining  works  at  Butte  were  visited  and  studied, 
and  ihe  mammoth  plant  at  Anaconda,  which  treats  four  thousand  tons  of 
ore  daily,  was  also  visited,  including  the  large  electrolytic  department 
where  the  gold  and  silver  contents  of  the  copper  arc  electrolytically  sepa- 
rated and  the  copper  purified. 
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Thig  year  the  summer  school  was  optional  and  it  is  gratifying  to  note 
the  full  attendance  of  the  students  and  the  excellent  quality  of  their  work. 

It  is  to  he  hoped  that  this  important  factor  in  the  instruction  of  metal* 
lurgy  will  be  made  permanent.  Metallurgy  is  an  eminently  practiad 
subject,  and  the  lectures  should  be  supplemented  by  pracdcal  work  of 
this  character  in  order  that  the  student  should  possess  a  rounded  knowl- 
edge of  the  subject.  It  is  as  important  for  the  instruction  in  metallurgy 
as  a  dissecting  room  is  in  the  study  of  anatomy. 

Dt.  Struthers  extended  his  trip  through  all  the  important  smeldng  works 
in  the  West  and  in  British  Columbia,  spending  over  three  months  in 
visiting  more  than  forty  establishments,  securing  many  new  drawings  and 
fa'ts  for  the  benefit  of  the  Department.  Many  valuable  specimens  illus- 
trating the  varioas  processes  were  also  gathered  for  the  metallurgical  col- 
lection. 

From  the  following  list  may  be  seen  the  severity  of  the  requirements : 


COLUMBIA    UNIVERSITY    IN    THE   CITY   OF   NEW   YORK. 

SCHOOL  OF  MINES. 

SUMMER  SCHOOL  IN  PRACTICAL  METALLURGY,  189& 

Scheme  of  Study :  The  smeldng  of  copper  ores  at  Butte  City,  Montana. 
A.     Ore  Roasting. 

I.  Sta/l  Hoasting.  Construction.  Kind  of  brick  and  how  bound. 
Make  sketch  showing  arrangement  in  group  and  give  height,  width  and 
depth;  describe  flues  for  admitting  air  to  stall  and  removing  gases  to 
chimney.  Working.  How  tilled ;  size  of  ore  ;  fnel  used  ;  total  capac- 
ity; time  of  roasting;  composition  of  ore  before  and  af^er  roasting; 
cost  per  ton. 

a.  Furnace  Jioastittg.  (a)  Single  hearth.  Construction.  Kind  of 
brick  and  how  built;  sketch  plan  of  hearth,  showing  doors  and  fire 
place.  Dimensions  required.  Fire-place  and  hearth.  Working.  How 
charged;  how  moved  through  furnace;  how  discharged;  sulphur  con- 
tents of  ore  before  and  after  roasting ;  fuel  used  ;  cost  per  ton. 

(b')  Mechanical  Furnaces.  The  Kellar  Furnace.  Construction. 
Kand  of  brick  aad  how  built.  Sketch  transverse  and  longitudinal  sec- 
tions; detailed  sketch  of  rabbles  and  plows;  describe  fire-places;  de- 
mechanism  for  moving  rabbles,  power  required.  Dimensions  required. 
Exterior  length,  width  and  height.  Interior  length,  width  and  height  of 
hearth  and  width  of  slot ;  total  hearth  area.  Describe  the  manner  of 
closing  slots  and  ends  of  hearth  ;  time  of  rabble  passage  and  power  re- 
quired. Working.  How  charged ;  how  moved  through  furnace,  how 
discharged  ;  thickness  of  ore  on  hearth  ;  sulphur  contents  of  ore  before 
and  after  roasting ;  fuel  used ;  capacity  per  day ;  cost  per  ton  ;  total  cost 
of  furnace. 

(0  The  Wethey  Furnace.     As  above. 

(i)  The  Ailen  O'Harra  Furnace.  As  above,  substituting  detsuled 
sketch  of  chain  and  plows  for  the  rabble  and  slots. 

(<)  The  Pearce  Turret  Furnace.  Single.  Construction;  outline 
sketch  showing  general  design ;  give  plan  of  hearth  ;  sketch  of  fire-place. 
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showing  ash  pit,  grate  bars  and  curtain  arch;  mechanism  for  passing 
material  through  furnace.  Best  shown  by  section  of  hearth  and  plan  of 
rotating  arms ;  detailed  sketch  of  arms  and  plows.  Dimensions  required. 
Total  diameter ;  diameter  inside  space ;  interior  width  and  height  of 
hearth,  tire-place  and  hopper;  discharge  opening  for  roasted  material. 
Describe  dust  chamber,  flue  and  chimney.  State  kind  of  brick  used  and 
how  bound.  Working.  Composition  and  sixe  of  ore  treated ;  describe 
charging ;  passage  through  furnace ;  discharging ;  air  introduction  to 
hearth  and  fire-place.  Ascertain  furnace  capacity  per  24  hours ;  fuel 
consumption  ;  amount  of  sulphur  before  and  af^er  roasting ;  time  of  arm 
rotation;  power  required  for  same ;  labor;  cost  per  ton  under  conditions 
existing  here  ;  repairs ;  total  cost  of  furnace  construction. 

(/.)  Pearce  Turret  Furnace.  Double.  As  above  with  deUilcd  de- 
tailed description  of  2d  hearth  and  arrangements  of  hearths  and  fire- 
places. 

(f.)  Circular  Cakiners.  How  constructed  and  of  what  material. 
Give  vertical  section,  showing  hearths;  detailed  sketch  of  revolving 
arms.  Dimensions.  Exterior,  diameter  and  height,  interior,  width  and 
height  of  hearth.  Working.  Describe  charging,  passage  of  material 
through  furnace  and  discharging.  Ascertain  composition  of  ore  before 
and  after  treatment,  coet  per  ton,  total  cost  of  furnace.  (Note  no  fuel 
used). 

B.  Smelting  for  Matte, 

1.  Shaft  Furnace.  Describe  construction;  make  transverse  section, 
showing  interior  shape,  water  jackets  and  tuyeres.  Detailed  description 
of  fore-hearth.  Ascertain  number  and  size  of  tuyeres;  pressure  of  blast. 
Dimensions  required.  External  length,  width  and  height  of  hearth, 
water  jackets  and  shaft.  Internal  section  at  tuyeres  and  at  charging  floor ; 
height  of  charge  from  tuyere  to  top;  depth  of  molten  material  in  fur- 
nace ;  give  details  of  four-hearth  and  slag  pots.  Working.  Composition 
and  size  of  ore,  flux,  fuel.  Composition  of  slag  and  matte.  Describe 
charging,  removal  of  slag  and  matte.  Enquire  capacity  per  24  hours 
under  stated  conditions;   labor;  cost  per  ton  of  matte  produced, 

a.  Reverberatory  Furjtace,  Construction.  Make  horizontal  and  ver- 
tical sections ;  sketch  end  elevation,  showing  flue  and  chimney  ;  kind 
brick  used  and  how  held  together ;  composition  of  hearth  ;  if  air  is  pre- 
heated describe  method.  Working.  Composition  of  material  treated, 
how  charged ;  composition  of  slag  and  matte,  how  removed  from  furnace ; 
kind  of  fuel  used  ;  amount  per  ton  of  matte  produced  ;  labor.  Enquire 
capacity  per  ^4  hours  and  cost  per  ton  of  made  produced  under  slated 
conditions ;  total  cost  of  furnace. 

C.  Treatment  of  Matte. 

Bessemeriaing  Copper  Matte.  Construction.  Make  sketch  showing 
method  of  construction  and  how  rotated ;  details  of  stand,  top,  centre 
and  bottom  shell ;  how  held  together  ;  describe  wind  box,  tuyeres  and 
plugs,  lining.  Working.  Composition  of  matte  treated  and  product ; 
how  charged;  skimmed  and  discharged;  pressure  and  amount  of  blast; 
length  of  blow ;  capacity  under  stated  conditions  ;  cost  per  ton  of  matte 
treated.  JOSEPH  STRUTHERS,  Ph.  D., 

Butte,  Montana,  /uiy  11,  i8g6. 
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MINERALOGICAL  DEPARTMENT. 

Resignation  of  Prof.  Ecleston. — Dr.  Egleston,  the  founder  of  the 
School  of  Mines  and  head  of  this  Department  for  thirty-three  years,  has 
resigned  on  account  of  ill  health  and  has  been  made  Professor  Emeritus. 
The  resignation  takes  effect  June  30,  1897.  His  successors  have  not 
been  appointed. 

Mineralogy  in  the  College. — ^The  five  undergraduate  courses  in 
this  department  have  been  made  electives  in  the  new  curriculum  of  the 
College  and  the  Faculty  of  the  College  has  also  approved  at  their  meeting 
of  October  33d,  the  following  course  in  General  Mineralogy  designed  as 
an  introductory  course  to  mineralogical  work  under  the  Faculty  of  Pure 
Science  and  replacing,  for  this  purpose  the  special  technical  courses 
hitherto  made  prerequisites: 

General  Mineralogy. — First  term:  definitions,  principles  and  laws, 
crystal  forms,  appearance  and  properties  of  common  minerals,  practical 
determination  of  minerals.  Second  term  :  physical  properties  of 
crystalline  substances  with  practice  in  elementary  determination  of 
physical  constants  and  measurement  and  delineation  of  geometric  form. 

University  Courses. — In  order  to  secure  a  series  of  univeisity  courses 
which  can  be  based  upon  this  course  asa  foundation.  Courses  VII.,  VIII., 
IX.  and  X.  have  been  rearranged  as  follows: 

VII.  (Especially  a  minor  course  for  geologists.) 

Optical  Mineralogy Longer  course,  including  principles,  apparatus 

and  distinguishing  characters  of  minerals  in  sectinns,  determination  of 
optical  constants,  study  of  microstructurc,  microchemical  tests,  separa- 
tion of  constituents  and  preparation  of  sections. 

VIII.  (Especially  a  minor  course  for  chemists.) 

Physical  Crystallography Optical,  thermal,  electric  and  magnetic 

properties  of  crystals  with  experiments,  the  geometric  form  with  meas- 
urement  and  delineation,  the  effects  of  mechanical  forces,  theories  of 


IX.  (Major  course  for  mineralogists.) 

Physical  Crystallography. — Longer  course,  including  study  of  the 
crystals  of  some  isomorphous  group,  the  artificial  preparation  of  the 
crystab  and  their  physical  and  chemical  properties. 

X.  MiNF.RALOGY. — (Major  course  for  mineralogists.  J 
Study  of  assigned  group  or  species. 

Arrangements  at  the  New  Site. — The  collection  will  occupy  a  room 
50' X  75' with  a  narrow  gallery  OQ  one  side.  This  will  permit  an  ex- 
pansion of  about  ten  cases.  There  are  several  directions  in  which,  by 
judicious  selection,  the  specimens  illustrating  a  certain  phase,  may  be 
brought  together  and  made  more  valuable.  The  purely  systematic  col- 
lection, arranged  hy  composition  and  crystalline  form,  is  always  essen- 
tial for  the  study  of  the  individual  species  and  their  relations  to  each 
other.  Such  a  collection  will,  almost  universally  be  arranged  in  order 
of  the  acid  constituent,  and  with  fairly  constant  proportionate  allot- 
ment of  space.  For  instance,  the  systematic  mineralogical  collections 
of  South  Kensington  museum,  Berlin  museum  and  Vienna  museum  are  ai- 
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ranged  in  nearly  the  same  ord«-  and  the  space  allotted  is  proportioned 
approximately  as  follows : 

South  Approx. 

Kensington.  Berlin.  Vienna.         Arenge. 

Native  elements 5  5  5  5 

Componnds  of  Metala  with  Arsenic  1,,,/  ,,  ,0  ., 

^andSulphnr  Groups             )        "^  'S  >«  '5 

Compounds  of  Met^s  with  >                        1/  ,  f.  , 

Chlorine  group            ]■  ...          414  5  »  S 

Silica 7>i  5  4  SK 

Other  Oxides,  Hydroxides  I 

ftnd  Hydrates          ^  .  .   .  .       ,,^  ,,  ^  ,oj^ 

Carbonates 13;^  9^  14  11 

Silicates 38  35  19  37 

SDlphates,  etc. 5  5  9  6 

Chromates,  Molybdates,  etc.     .   .   .          3>j  3  a 

Phosphates,  Arsenates,  etc  .  .  .  .         SJj  7  io  S>{ 

Oisanic 3  1 

Sundries 3^  oj^  4  iji 


But  collections  arranged  with  some  other  end  in  view  are  also 
greatly  needed.  In  our  own  department  nearly  half  of  the  collection  is 
arranged  to  bring  the  ores  of  the  same  metal  together,  and  small  special 
collections  have  been  developed  as  pseudomorphs,  characters  of  minerals, 
crystals,  etc.  Under  characters  of  minerals  naay  well  be  included  not  only 
form,  structure  and  physical  properties,  but  paragenesis,  as  illustrated  by 
inclusions,  parallel  growths,  secondary  growths,  etc.,  and  chemical  prop- 
erties, as  illustrated  by  isomorphism,  dimorphism,  etching,  solubility, 
pseudomorphism,  decomposition,  etc. 

There  may  be  also  technical  collections  of  mining  products,  raw 
material  for  chemical  industries,  precious  and  ornamental  stones,  collec- 
tions of  laboratory  crystals  and  synthetically  prepiared  minerals. 

Directly  under  the  collection  room  is  another  room  of  equal  size, 
which  to  keep  as  brightly  illuminated  as  possible  will  be  considered  to 
constitute  three  rooms  practically  without  partitions.  The  mineralogica) 
and  blowpipe  laboratories,  which  have  hitherto  been  combined  to  the 
great  detriment  of  mineralogical  work,  will  be  separated.  The  lecture 
room  and  the  mineralogical  laboratory  will  be  in  one,  with  suitable 
desks,  facing  the  professor's  pulpit,  supplied  with  streak  plates,  hard- 
ness scales,  etc.,  while  at  the  windows  there  will  be  hand-blast  blow- 
pipes, blowpipe  reagents  and  a  large  hood  for  testing  solubilities.  Stu- 
dent and  lecture  collections  will  be  in  this  room  also. 

The  blowpipe  laboratory  will  be  the  southeastern  end  of  the  room, 
and  will  not  differ  from  the  present  room  materially.  It  is  hoped  that  alt 
or  part  of  the  apparatus  hereafter  may  belong  to  the  department  and  be 
loaned  to  the  students.  A  small  room  will  be  partitioned  off  as  a  labora- 
tory for  analytical  and  synthetical  researches. 

On  the  first  floor  a  large,  light  annular  space  under  the  great  lecture 
room  will  be  fitted  for  microscopic  work.  Two  dark  rooms  on  the  base- 
ment mazzanine  floor  will  be  divided  by  curtains  into  small  rooms  for 
goniometrical  work,  work  with  monochromatic  light  and  photography, 

A  small  room  in  the  basement  will  contain  the  saws  and  grinders  for 
preparation  of  thin  sections  and  the  cutters  and  breakers  used  in  prepara- 
tion of  material  for  collection. 
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A  large  room  has  been  set  aside  as  office  and  library,  and  it  is  pro- 
posed to  transfer  to  the  department  all  periodicals,  monographs  and 
special  works  on  mineralogy  and  crystallography  from  the  University 
Library,  with  such  current  text-books  as  are  desired.  The  large  card 
catalt^ue  is  being  pushed  to  completion  and  now  comprises  nearly  30,000 
cards. 

Improved  Equipment.  —  The  equipment  is  being  expanded  as 
rapidly  as  funds  will  permit.  Many  of  the  latest  forms  of  apparatus* 
have  been  added  this  year,  including : 

No.  VI.  Fuess  Microscope  with  simultaneously  rotating  nicols. 

.S**  Seibert  tithglogical  microscopes  ti  A. 

Klein's  universal  rotation  apparatus  for  crystals,  especially  for  deter- 
mination of  optical  principal  sections  and  measurement  of  angles  between 
optic  axes  in  liquids  of  high  index  of  refraction. 

Klein's  universal  rotation  apparatus  for  thin  sections,  especially  for  ex- 
act orientation  of  haphazard  sections  and  determination  of  their  optical 
constants. 

Traabe's  apparatus  for  darkening  field  of  goniometer. 

Laspeyere's  burner  for  monochromatic  light.     Lamp  for  goniometer. 

Attachment  for  caavtTtm^  Yness  ^amam&Ki  into  an  axial  apparatus. 

Attachment  for  deliquescent  crystals  Fuess  goniometer. 

Von  Federow  Mica  wedges  for  measuring  strength  of  double  refrac- 
tion. 

J^odels  of  positive  and  negative  uniaxial  indieatr tees  and  of  the  biaxial 
indicatrix  with  sections  normal  and  oblique  to  optic  axes. 

Apparatus  for  electrical  healing  on  stage  of  microscope. 

Total  refieetometer. 

I^tographic  camera  for  microscope. 

Other  <^ders  are  outstanding  which  will  make  the  equipment  still  more 
complete. 

MiCROCHBMiCAL  Tests. — To  illustrate  the  microchemical  tests  com- 
mooly  used  on  thin  sections  in  contradistinction  to  the  innumerable  tests 
on  record,  a  small  series  has  been  prepared  in  which  each  section  has  been 
cut  in  two,  one-half  being  treated,  the  other  kept  unaltered.  The  meth- 
ods employed  are  principally  confined  to  the  effect  of  heat  in  browning 
certain  minerals  containing  iron  or  carbonaceous  material,  and  reactions 
with  hydrofluoric  acid  on  silicates,  either  in  producing  crystals  of  some 
definite  compound  or  in  the  production  of  a  jelly. 

The  cover  glasses  were  removed  by  warming,  their  surfaces  washed 
with  a  mixture  of  alcohol  and  benzole ;  a  cut  is  made  with  a  diamond  on 
the  section,  then  heat  applied  and  the  desired  portion  lifted  and  dropped 
into  benzole  and  alcohol,  from  which  it  is  removed  to  platinum  foil  or 
balsamed  glass,  submitted  to  treatment,  replaced  on  an  object  glass  with 
'very  dilute  balsam  and  covered. 

The  series  is  as  follows  : 

I,  3.  Hornblende  Schist  of  Militz,  Saxony.  By  heating  on  platinum 
foil  without  blowpipe  the  green  hornblende  is  made  brown. 

3,  4.  Leucitophyre  of  Rieden,  Laach.  By  heating  with  blowpipe  the 
green  augite  is  made  brown. 

«  Described  N.  Y,  Aead.  Science. 
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5,  6.  Basalt  of  Braunrode,  Meissen.  By  heating  without  blowpipe 
the  augite  is  unchanged,  the  olivine  is  made  nearly  black. 

7,8.  Serpentine  ^ Raukenlhal,  Alsace.  By  heating  without  blowpipe 
the  serpentine  is  little  altered,  retaining  its  aggregate  polarization. 

9,  lo.  Diabase  of  Freseburg,  Harlz.  By  heating  without  blowpipe 
the  chlorite  is  much  browned. 

11,  12.  Diehroile  Gneiss  of  Bodenmais,  Bavaria.  Heated  with 
blowpipe  the  dichroite  in  the  section  did  not  alter,  but  a  fragment  so 
heated  became  blue  or  greenish. 

PkonoUte  of  Bruxer,  Schhssberg.  Treated  for  j  hours  in  dilute 
(i-io)  HCl,  then  much  diluted  and  left  36  hours,  then  repeatedly 
washed  and  treated  with  very  dilute  fuchsin  a  jelly  formed  on  nephelite 
which  was  colored  by  the  fuchsin. 

14.  Nephelite  grain  placed  on  glass  which  has  been  completely  covered 
with  Canada  balsam  to  prevent  acid  attacking  glass  treated  with  drop  of 
HFl  and  the  resultant  crystals  twice  recrystallized  in  drop  of  water,  gave 
short  hexagonal  columns  of  sodium  silicofluonde. 

15.  Chrysolite  grain  similarly  treated  gave  rhorabohedra  of  magnesium 
silicoHuortde  with  strong  double  refraction. 

16.  Flagioclase  grain  gave  long  pointed  crystals  and  rosettes  of  the 
calcium  salt. 

17.  Granite  of  Baveno,  Lake  Maggiore,  treated  with  HFl,  then  with 
fuchsin  should  have  shown  most  color  on  plagioclase,  less  on  orthoclase, 
none  on  quartz.     The  results  were  not  good. 

18.  19.  Phonolite  of  Pldren,  containing  colorless  unaltered  Hatlynite 
and  nosite,  heated  the  haiiynite  became  blue,  the  nosite  remained  color- 
less.    This  test  will  not  work  if  the  minerals  are  decomposed. 

20,  Phonolite  of  Pldren.  Treated  with  Lemburg's  solution  (HFl  + 
AgNOg)  the  haiiynite  became  brown. 

Graphitoid  vs.  Graphite,  the  powder  of  the  former  becomes  white  by 
heat,  that  of  the  latter  remains  black. 

Publications. — The  series  of  text-books  on  Mineralogy  is  being  com- 
pleted, the  second  edition  of  the  Mineralogy  by  Profs.  Moses  and  Parsons  is 
now  being  printed  and  a  supplementary  work  entitled  "An  Introduction 
to  the  Study  of  the  Characters  of  Crystals  "  is  in  preparation.  Dr.  Luquer 
is  also  making  progress  with  his  book  upon  optical  mineralogy  for  stu- 
dents which  de^s  more  with  the  phenomena  as  exhibited  in  thin  sections. 


GEOLOGICAL  DEPARTMENT. 

Professor  Kemp  left  on  May  18  with  the  class  of  the  regular  Summer 
School  in  Mining  and  Geology,  and  made  the  first  stop  at  Niagara  Falls 
and  Lockport.  Two  days  and  a-haJf  were  passed  in  studying  the  Silurian 
exposures  at  these  places  and  the  overlying  Devonian  in  the  outskirts  of 
Buffalo.  Beginning  at  Lockport,  the  class  passed  from  the  upper  beds  of 
the  Niagara  limestones  on  the  Erie  Canal  downward  across  the  Niagara 
shales  and  Clinton  limestones  and  shales  to  the  Medina  sandstones,  which 
are  well  exposed  in  the  local  quarries.  At  Niagara  a  trip  was  made  to 
Lewiston  by  cars,  and  a  return  journey  on  fool  through  the  gorge,  so 
as  to  observe  the  same  succession  of  strata  as  at  Lockport,  and  to  study 
the  wonderful  exhibition  of  erosion  afforded  by  the  gorge.    The  problem 
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of  the  development  of  its  drainage  was  set  forth  on  the  banks  of  the 
Whirlpool,  so  that  the  class  could  understand  the  scientific  and  popular 
interest  that  attaches  to  Niagara  as  a  measure  of  the  time  that  has  elapsed 
since  the  Glacial  period.  At  Buffalo  the  cement  quarries  in  the  northern 
part  of  the  city  were  visited  and  observation  was  directed  to  the  Water- 
Ime  beds  and  the  Corniferous  limestone. 

The  class  then  boarded  the  train  for  Chicago,  where  a  part  of  the  next 
day  was  passed  in  visiting  the  lime  and  building  stone  quarries  of  that 
city,  which  expose  the  same  Niagara  limestone  that  had  been  previously 
seen  in  New  York  State.  Again  boarding  the  cars  a  ride  of  two  nights 
aod  a  day  brought  the  party  across  Illinois,  Iowa,  Nebraska  and  about 
two-thirds  of  Wyoming,  until  Point  of  Rocks  was  reached.  Here  at 
6: 30  one  morning  all  alighted  for  a  trip  into  the  Bad  Lands  to  the  Leucite 
Hills,  a  remarkable  series  of  lava  flows  and  low  cones  that  have  afforded 
rare  rocks  containing  the  interesting  minerals  which  give  the  hills  their 
name.  Unfortunately,  the  available  maps  indicated  a  nearer  location  to 
the  station  than  thcactualgeographywarranted.  A  spring,  too,  that  is  re- 
corded on  the  map  proved  so  far  in  the  wilderness  that  it  was  not  even  seen. 
The  class  had  a  fine  opportunity  to  observe  the  Laramie  strata  and  the 
characteristic  topography  and  geology  of  the  Bad  Lands.  After  a  hard 
and  inordinately  thirsty  trip.  Prof.  Kemp  and  four  of  the  class  reached 
the  lava  flow,  secured  specimens  and  tramped  back  after  the  others  who 
had  previously  returned.  No  serious  results  accrued  and  the  trip  passed 
into  history  as  one  of  the  finest  to  remember  that  the  party  had  ever 
experienced. 

Resuming  the  journey  by  an  evening  train,  the  next  day  brought  the 
class  to  Butte.  The  following  morning  the  class  ascended  the  rhyoliie 
butte  and  walked  along  the  outcrops  on  which  are  located  the  principal 
belts  of  mines.  Observation  was  directed  to  the  granites,  rhyolites  and 
local  mineralogy  of  the  veins.  The  second  day  the  tramp  was  to  the 
south  along  the  railways  to  the  Bluebird  mine.  The  basic  and  add 
granites  were  found  well  exposed  and  their  relations  were  studied.  Kc- 
turning,  various  silver  mines  were  visited,  including  the  Alice,  the  Moul- 
ton,  the  Lexington  and  others  without  going  underground.  The  third 
day  the  class  tramped  to  the  bordering  hills  to  the  north,  studying  the 
gossan  of  the  undeveloped  veins  and  the  remarkably  weathered  granite, 
and  visiting  a  small  placer  workings.  The  fourth  and  final  day  of  geo- 
logical work  was  passed  in  a  trip  to  the  east,  to  the  uew  developments 
that  are  testing  the  eastern  extension  of  the  lodes,  thence  through  the 
Great  Northern  tunnel  and  over  two  divides  to  Columbia  Gardens,  from 
which  all  returned  to  Butte  and  the  geological  work  closed.  Thanks  are 
due  to  Mr.  W  D.  Thornton,  who  piloted  the  party  around  and  who  con- 
tributed in  a  very  essential  way  to  the  success  of  the  work.  The  purpose 
of  the  trips,  besides  the  acquiring  of  geological  experience,  was  to  give 
the  class  an  idea  of  the  local  geology  before  the  underground  work  was 
taken  up  by  Professor  Peele. 

Professor  Kemp  with  C  A.  Macy,  '95,  went  over  the  divides  on  a  col- 
lecting trip  into  Idaho,  after  the  geological  work  closed  and  under  the 
guidance  of  H.  H.  Armstead,  jr.,  saw  something  of  a  little  known  por- 
tion of  the  State.  Subsequently  on  the  way  home,  the  Yellowstone  Park 
was  visited,  and  the  Black  Hills,  and  many  valuable  additions  were  made 
to  our  collections.  In  the  Black  Hills,  especial  courtesies  were  extended 
by  Professor  F.  C.  Smith,  of  the  School  of  Mines  at  Rapid  City. 
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August  and  SepCeniber  were  passed  by  Professor  Kemp  in  field  work  in 
the  eastern  Adirondacks  in  tbe  employ  of  the  U.  S.  Geological  Survey. 
Daring  August,  D.  H.  Ncwland,  fellow  in  geolc^y,  accompanied  him, 
and  in  September,  John  D.  Irving,  graduate  student. 

During  the  sucnmer  Mr.  HoUick  and  Mr.  Newlaod  explored  the  serpen- 
tine area  of  Staten  Island,  for  the  purpose  of  obtaining  obeervations  and 
material  to  assist  Mr.  Newland  in  his  thesis  on  the  subject.  Two  minerals 
not  before  recorded  from  Staten  Island  were  amongst  the  material  col- 
lected. Valuable  observations  were  made,  which,  it  is  hoped,  may  assist 
in  the  solution  of  the  problem  as  to  the  origin  of  serpentine.  Mr.  Hollick 
also  visited  the  clay  marl  exposure  at  Cliffwood,  N.  J.,  where  new  and 
interesting  fossils  were  obtained,  and  made  a  reconnoissance  of  Block 
Island  and  Montauk  Point,  in  both  of  which  places  interesting  material 
was  found.  The  first  recorded  proof  of  tbe  existence  of  Cretaceous  strata 
on  Block  Island  was  one  of  the  results  of  the  trip.  Mr.  Hollick  has  re- 
cently been  appointed  by  tbe  New  Jersey  Geological  Survey,  to  examine 
and  report  upon  the  relation  between  geological  formations  and  the  dis- 
tribution of  vegetation  throughout  the  State. 

Mr.  van  Ingcn  spent  a  part  of  the  month  o(  July  at  Batervillc,  Inde- 
pendence County,  Aakansas.  The  Paleozoic  rocks  of  the  vicinity  were 
studied  and  large  collections  of  fossils  secured.  A  fauna  new  to  Arkansas 
was  found  in  the  Ordovician  rocks.  Silurian  material  from  St.  Clair 
Spring  and  Cave  Creek  was  obtained  in  abundance  and  a  representative 
collection  of  the  Devonian  that  occurs  in  the  midst  of  the  Sub-Carbonif- 
erous at  Spring  Creek  was  secured.  Notes  were  also  taken  on  the  occur- 
rence of  the  Manganese  deposits  and  specimens  to  illustrate  the  observa- 
tions were  obtained.  The  excessive  heat  soon  put  a  stop  to  field  work 
fortunately  after  the  more  important  work  mapped  out  had  been  accom- 
plished. The  work,  though  of  short  duration,  is  considered  to  have  been 
very  profitable. 

Mr.  Theodore  G.  White,  assisted  by  Mr.  Charles  Of,  '96,  spent 
August  and  part  of  September  in  collecting  additional  material  for  his 
monograph  upon  the  Trenton  Formation  in  the  Lake  Champlain  Valley. 
The  localities  visited  this  season  were  as  follows :  Fort  Frederick,  N.  Y. 
and  Chimney  Point,  Vt.,  both  near  Port  Henry,  N.  Y.,  where  a  section 
extending  from  the  Calciferous  well  up  into  the  Trenton  formation  was 
carefully  surveyed  and  measured,  and  an  extensive  series  of  fossils  col- 
lected from  the  87  different  zones  distinguished.  Similar  work  was  done 
in  regard  to  an  extensive  section  on  Grand  Isle  (South  Hero)  Vermont. 
Some  time  was  spent  in  the  vicinity  of  Plattsburgh  and  Beekmantown, 
N.  Y.,  at  Cumberland  Head  and  Point  au  Roches,  in  order  to  determine 
the  possible  relations  of  a  peculiar  Trenton  fauna  discovered  during  the 
geological  trip  of  i8g5,  and  in  which  fossils  hitherto  only  figured  from 
Newfoundland  were  found.  Chazy,  N.  Y.,  Adam's  Ferry  and  Panton, 
Vt.,  were  also  visited  and  collections  made.  Altogether  u  boxes  of 
specimens,  representing  probably  1,500  pounds  were  added  to  the  study 
coilcciions  of  the  Upper  Ordovician  by  Mr.  White's  trip.  A  number  of 
dykes  not  recorded  in  either  of  the  previous  papers  on  the  igneous  rocks 
of  ihe  Lake  Champlain  Valley  were  discovered.  One  of  these  of  especial 
interest  was  thickly  brecciatcd  with  fragments  of  granite,  hornblende, 
feldspar,  etc.  This  occurs  on  Cumberland  Head.  Another  from  Grand 
Isle,  in  a  bed  of  most  marvelously  distorted  slaty  limestone,  had  both 
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walk  completely  altered  to  n  friable  saDdstone,  while  the  centre  remained 
quite  fresh.  Considerable  attention  was  devoted  to  recording  the  direc* 
tioas  of  faulting  aad  cleavage  development,  so  prevalent  there,  in  the 
hope  of  detenniuing  the  relations  of  the  several  sets  of  cleavage  and 
perhaps  deducing  a  rule  for  them.  The  a>rrelated  results,  however,  dis- 
close no  rule  applicable  in  all  cases. 

Mr.  Whitealso  spent  sometime  in  western  Massachusetts,  and  the  neigh- 
boring portion  of  New  York  and  Vermont.  Here  he  prepared,  and  has 
donated  to  the  University,  a  set  of  the  Rocks  of  the  Original  TaconJc 
System,  made  famous  by  the  early  writings  of  Emmons,  and  the  recent 
monograph  ofMessrs.  Wolff,  Pumpclly  and  Dale. 

The  Department  is  again  indebted  to  Dr.  Heinricb  Ries,  '91,  for 
valuable  contributions  to  its  collections  of  rocks  and  fossils,  whidi  were 
recently  gathered  in  Colorado  and  New  Mexico.  Some  excellent  things 
have  also  come  from  a  trip  made  by  a  regular  collector  in  our  employ  in 
Utah  and  Wyoming. 

Id  December  the  first  of  the  Saturday  evening  couraes  of  lectures  at  the 
American  Museum  of  Natural  History  will  be  geological  in  their  nature. 
The  first,  December  5,  will  be  by  Prof.  Kemp  on  The  Rocky  Mountains. 
The  second,  December  la,  will  be  by  Dr.  C.  Willard  Hayes,  of  the 
U.  S.  Geological  Survey,  recently  geologist  to  the  Alaska  Boundary 
Commission  ,  its  title  is  The  Mountains  of  Alaska.  The  third,  Decem- 
ber 19,  is  to  be  by  Mr.  Bailey  Willis,  Mines,  '78,  of  the  U.  S.  Geolc^- 
ical  Survey,  on  The  Cascade  Range.  The  fourth  and  last  will  be  by  Mr. 
Herbert  M.  Wilson,  Mines,  '82,  of  the  U.  S.  Geological  Survey,  on  the 
Sierra  Madrc  of  Mexico.  The  Department  takes  especial  pleasure  in 
having  the  University  recognize  in  this  way  the  good  work  of  its  graduates. 

DEPARTMENT  OF  MINING. 

The  Summer  School  of  Mining  was  held  this  year  at  Butte,  Montana, 
with  a  class  of  eleven  students.  Adj u net- Professor  Peele  left  New  York  on 
May  30th  to  make  arrangements  for  the  session,  and  underground  work 
was  be^un  June  nth. 

Previous  to  this  date,  en  route  to  Butte,  and  in  the  vicinity  of  the  city 
itself,  the  class,  under  the  direction  of  Prof.  Kemp,  devoted  about  one 
week  to  field  geology. 

On  account  of  the  great  distance  from  New  York,  and  the  consequent 
expense  to  the  students,  the  decision  to  go  to  Butte  was  reached  only  after 
careful  consideration,  but  now  that  the  work  is  done  it  is  believed  that 
no  better  choice  could  have  been  made.  The  very  large  output,  both  in 
tonnage  and  value,  and  the  variety  of  mining  and  metallurgical  operations 
presented  for  study,  make  the  Butte  district  exceptionally  well  adapted 
for  our  purposes. 

First  in  importance  among  the  mines  is  the  property  of  the  Anaconda 
Copper  Mining  Co.,  producing  about  4,000  tons  of  ore  per  twenty-four 
hours,  about  equaling  the  production  of  the  Calumet  and  Hecla  in  ton- 
nage, but  surpassing  it  in  value  of  output  on  account  of  the  higher  grade 
of  the  ore.  Other  large  companies  are  the  Boston  and  Montana,  Parrot, 
Colorado  Smelting  and  Mining  Co.,  Butte  and  Boston,  and  Montana  Ore 
Purchasing  Co.,  besides  which  are  a  number  of  smaller  concerns.  While 
copper  is  the  chief  product  of  these  mines,  in  some  of  them  silver  is  asso- 
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ciated  with  the  copper,  the  useful  meUls  occurring  in  base  combinations 
requiring  an  elaborate  treatment  in  smelting,  or  concentration,  or  both. 
In  addition  to  the  copper-silver  properties  the  district  contains  several 
large  silver  mines,  producing  no  copper,  notably  the  Lexington  and  tiie 
Alice,  but  owing  to  the  low  price  of  silver  these  are  now  worked  onlf  in 
a  small  way.  The  well-known  Blue  Bird  silver  mine  and  mill  are  entirdy 
shut  down.  All  these  mines  lie  in  a  small  area,  of  a  few  square  miles, 
immediately  in  and  around  the  city  of  Butte,  which  now  contains  about 
40,000  inhabitants.  They  are  at  elevations  of  from  5,600  to  6,000  feet 
above  sea  level.  Most  of  the  reduction  works  and  concentrators  are  close 
to  the  town,  but  the  great  works  of  the  Anaconda  Co.,  at  which  their 
entire  product  is  treated,  are  situated  at  Anaconda,  twenty-eight  miles 
from  Butte. 

The  deepest  shafts  of  the  district  are  at  the  present  time  down  to  about 
1,500  feet.  Nearly  all  of  them  are  vertical,  with  two  hoisting  compart- 
ments, the  orincipal  exception  being  the  main  Gagnon  shaft  of  the  Colo- 
rado Smelting  and  Mining  Co.  This  shaft,  at  which  the  detailed  under- 
ground work  of  the  class  was  done,  is  now  dawn  to  the  1,400  level  and 
is  an  incline  at  about  75^^  to  the  horizontal.  In  the  Butte  shafts  flat 
ropes  are  almost  invariably  used  for  hoisting — a  practice  exceptional  iu 
the  United  States,  outside  the  mines  of  the  Comstock  lode.  Flat  rope 
are  to  be  employed  even  for  the  new  2,200  horse-power  compound  hoist- 
ing engines  now  being  installed  at  two  of  the  Anaconda  shafts. 

The  ore-bodies  of  the  district  occur  in  fissure  veins,  faulted  in  some  of 
the  mines  in  a  most  interesting  manner.  In  the  Rarus  mine,  where  the 
class  spent  two  days  after  the  regular  work  was  completed,  the  rather  in- 
tricate vein  system  has  been  further  complicated  by  a  wide  faulted  zone, 
which,  besides  being  faulted  laterally,  apparently  has  been  subjected  also 
to  a  "down-throw,"  which  has  Rattened  out  the  dip  of  the  veins  from 
about  80''  to  40°  to  the  horizontal.  The  broken  and  altered  material 
included  in  this  zone,  while  largely  productive,  has  lost  entirely  its  vein 
structure.  Many  of  the  copper  ore-bodies  are  extremely  thick,  reaching 
in  parts  of  the  Anaconda  property,  widths  of  from  100  to  lao  feet.  In 
the  Gagnon  mine  the  greatest  width  approximates  60  feet.  These  con- 
ditions make  necessary  the  use  of  the  Nevada  Square  set  system  of  tim- 
bering. Stalls  are  employed  only  in  the  narrow  portions.  Overhand 
stoping,  worked  in  floors,  and  usually  with  machine  drills,  is  practiced  in 
all  the  mines. 

The  copper  ores  of  commonest  occurrence  are  chalcopyritc  and  copper 
glance,  Bomite,  Enargite  and  Tennautite  are  often  found,  though  in 
smaller  quantities,  and  at  the  Grey  Rock  mine  occur  fine  specimens  of 
the  rather  rare  mineral,  Covellite,  a  sulphide  of  copper.  These,  with 
other  associated  minerals  afforded  interesting  material  for  study. 

The  mines  visited  by  the  class  were,  the  Gagnon,  Nettie,  Philadelphia, 
Parrot,  Rarus,  Silver  Bow,  and  the  Anaconda  and  Ncvereweat  of  the 
Anaconda  Co.  In  addition,  every  facility  was  allowed  for  the  study  of 
the  surface  plants,  including  hoists,  pumps,  compressors,  ore-bins  and 
the  various  repair  shops.  In  the  Silver  Bow  shaft  opportunity  was  given 
to  examine  a  fine  duplex,  differential  Riedler  pump,  having  a  capacity 
of  900  gallons  per  minute,  to  a  height  of  1,000  feet.  The  usual  mine 
surveying  was  done  in  the  Nettie  mine,  under  the  direction  of  Mr.  J- 
Parke  Channing,  whose  services  for  this  purpose  were  most  fortunately 
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obtained.  Each  squad  of  students  had  4  days  active  work  on  the  survey. 
Two  days  were  devoted  to  a  careful  itudy  of  the  concentTator  of  the 
Odorado  Smelting  and  Mining  Co.,  which  has  a  capacity  of  450  tons  per 
day.  The  plant  comprises  crushers,  rolls,  trommels,  hydraulic  classifiers 
and  separators,  jigs  and  vanners.  Visits  were  made  also  to  the  Alice  and 
Moulton  Silver  mills,  the  first  of  which  only  is  in  operation.  The  system 
employed  is  dry-crushing  with  stamps,  chloridizing,  roasting  in  White- 
Howell  roasters,  and  pan- amalgamation.  Finally,  Dr.  Struthers,  of  the 
Metallurgical  Department,  took  charge  of  the  class  for  5  days'  work  in 
the  smelting  woiks  of  the  district. 

It  should  be  recorded  here  that,  at  the  invitation  of  the  Butte  Scientific 
Society,  Mr.  Channing  delivered  an  interesting  lecture  on  the  occurrence, 
and  methods  of  mining  of  the  copper  and  iron  ores  of  the  Lake  Superior 
region.  Mr.  Channing's  intimate  acquaintance  with  the  Lake  practice, 
well  qualifies  him  to  speak  on  the  subject,  and  as  the  lecture  was  given 
near  the  close  of  the  session,  the  members  of  the  class  who  were  present 
could  profit  by  the  comparisons  drawn  between  the  Lake  and  Butte 
methods.  Another  useful  evening  lecture,  illustrated  by  models,  was 
delivered  before  the  class  by  Mr.  C.  S.  Batterman,  on  "Mining  Litiga- 
tion and  the  relations  thereto  of  the  Mining  Expert."  In  the  course  of 
his  remarks  Mr.  Batterman  cited  at  some  length  the  technical  points  in- 
volved in  one  or  two  important  mining  suits  in  which  he  had  been 
engaged. 

The  Summer  School  was  cordially  welcomed  in  Butte,  and  its  work 
aroused  much  interest.  All  the  friends  of  the  School  cannot  be  named 
here,  but  among  those  who  extended  special  courtesy  and  assistance  are: 
Messrs.  C.  W.  Goodale,  manager;  Geo.  B.  Moulthrop,  engineer,  and 
John  Hewitt,  foreman  of  the  Colorado  S.  and  M.  Co.,  at  whose  Gagnon 
mine  a  large  part  of  the  work  was  done;  Mr.  C.  S.  Batterman,  Mining 
Engineer  of  the  Rarus  and  other  mines ;  Mr.  Benj.  Tibby,  Superintendent 
of  the  Parrot,  and  above  all  Mr.  W.  D.  Thornton,  who  has  been  a  stu- 
dent in  our  Mining  Department  for  two  years  past,  and  to  whose  kind 
cooperation  and  efforts  much  of  the  success  of  the  summer's  work  is  due. 

Robert  Peele. 

DEPARTMENT  OF  MECHANICAL  ENGINEERING. 

The  Equipment  and  Purposes  of  the  Mechanical  Laboratories  in  the 
School  of  Engineering  of  Columbia  University  for  the  Course  in  Me- 
ckanieal  Engineering  to  be  begun  in  J8gj. 

It  is  a  well  established  fact  that  the  material  advancement  of  a  nation 
b  dependent  largely  upon  the  character  and  number  of  its  technical 
schools.  These  schools  or  colleges  are  those  in  which  the  sciences  and 
arts  relating  to  the  various  deportments  of  industry  are  made  subjects  of 
special  study  in  the  training  of  their  students.  They  are  often  called 
Engineering  Schools  for  the  reason  that  successful  manufacturing  on  any 
lar^  scale  must  be  based  on  Engineering  knowledge  and  skill,  and  must 
conform  to  the  laws  underlying  them. 

In  the  year  1851,  at  the  time  of  the  first  World's  Fair  in  London,  the 
exhibition  developed  the  fact  that  England  had  fallen  behind  relativelyin 
the  character  of  its  exhibits  and  seemed  to  be  losing  her  position  among 
the  manufacturing  nations  of  the  world.     So  much  interest  was  excited 
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by  this  discorety  that  a  commiGsion  was  appointed  to  investigate  as  to  die 
extent  and  causes  of  this  state  of  affaiis.  This  commission  reported  that 
in  their  opinion  the  English  nation  was  actually  in  serious  danger  of  los- 
ing its  position  as  the  leading  manufacturing  nation  of  the  world,  and 
that  the  opinion  was  expressed  that  it  was  due  to  the  inattention  which 
had  been  and  was  being  given  to  technical  education  in  England,  as 
compared  with  the  activity  on  the  continent  in  this  respect.  It  was 
found  that  in  the  leading  continental  countries  of  Europe  large  numbers 
of  technical  schools  had  been  established  and  were  conducted  under 
government  control  and  at  government  expense  ;  and  with  the  result,  as 
shown  by  the  exhibits  from  these  countries,  that  in  material  advancement 
they  were  outstripping  England  and  seriously  threatening  her  supremacy 
in  this  respect. 

Acting  on  this  report  England  at  once  set  about  establishing  technical 
schools  and  has  since  prov^  their  marked  eSect  upon  the  industrial  cod- 
dition  of  the  nation. 

By  a  well  known  policy  of  our  govemmeat,  whatever  is  done  in  this 
in  this  direction  in  our  country  must  be  done  individually  by  citieots. 
It  is  a  happy  fact  that  this  dependence  has  not  failed  us  and  that  to^ay 
the  technical  and  engineering  schools  of  America  compare  favorably  in 
number  and  standing  with  any  other  country  in  the  world.  Their  effect 
upon  the  development  of  natural  resources  of  our  own  country  has  been 
very  much  more  marked  than  is  generally  known.  On  the  occasion  of  a 
meeting  of  one  of  the  engineering  societies  in  Chicago,  and  a  visit  by  the 
members  to  the  South  Chicago  Steel  Works,  it  was  noticed  that  all  the 
heads  of  the  departments  were  young  men,  and  investigation  developed 
the  fact  that  their  average  age  was  less  than  thirty-two  years,  and  that 
without  exception  they  were  technical  school  graduates. 

The  latter  condition  of  affairs  obtains  in  nearly  all  of  our  large  works. 
So  emphatically  is  this  the  fact  that  a  young  man  without  a  technical 
education  can  scarcely  get  a  foothold,  or  even  if  he  succeeds  in  this,  the 
competition  against  which  he  must  contend  is  sogreat  that  none  but  diose 
who  possess  the  most  marked  natural  ability  can  hope  to  succeed. 

II. 
The  methods  pursued  by  a  successful  Engineering  College  are  to 
give  a  thorough  drill  in  the  principles  of  the  sciences,  physics,  chemistry, 
mechanics  and  mathematics,  and  to  train  the  hand  and  eye  at  the  same 
time  by  work  in  the  college  shops,  drawing-rooms  and  mechanical  labor- 
atories. In  the  shops  the  student  uses  the  tools  of  pattern  maker  and 
machinist,  and  while  he  can  scarcely  be  said  to  learn  a  trade,  he  yet 
learns  much  about  the  trade  of  such  constructors,  and  more  concerning 
the  properties  of  structural  material.  In  the  drawing-room  be'leams  to 
use  his  hands  to  draw,  and  applies  the  principles  of  design  to  things 
which  are  to  be  made.  In  the  mechanical  laboratories,  he  learns  by  ac- 
tual experience  the  strength  of  materials  by  testing  them  on  proper  test- 
ing machines  for  such  work,  and  he  is  taught  how  to  operate  and  test 
steam  engines  and  other  machinery  of  the  sort  which  lie  is  likely  to  meet 
in  his  business.  He  learns  here  the  working  of  the  laws  which  he  has 
studied  from  books  and  their  application  in  concrete  form  to  motors  and 
processes,  and  he  is  encouraged  to  investigate  new  lavs  hitherto  btit 
dimly  grasped  or  unknown. 
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The  shops  and  mechanical  laboratories  add  enormously  to  the  pnctj- 
cal  vaine  and  usefulness  of  a  modem  engineering  college  to  its  com- 
munity because  these  give  to  their  students  just  the  training  for  a  useful 
duty  in  life  which  class  room  routine  without  them  has  never  been  able 
to  do.  The  development  of  such  laboratories  and  shops  is  therefore  a 
wise  far-seelDg  and  useful  thing  to  do  for  the  community. 

III. 

Columbia  College  in  the  City  of  New  York  established  its  technical  or 
engineering  school  under  the  name  of  the  School  of  Mines  in  1864,  and 
has  graduated  since  then  over  one  thousand  men  who  have  been  markedly 
successful  and  useful  in  their  business  and  profession,  and  from  their 
training  and  knowledge  have  been  able  to  be  of  benefit  to  the  community. 
Columbia  College  has  recently  become  a  University,  and  has  begun  lo 
occupy  a  most  impressive  location  on  Morningside  Heights  from  ii6th 
(o  izoth  Streets  on  the  Boulevard.  Generosity  of  leading  citizens  has 
given  the  University  nearly  two  millions  of  dollars  for  splendid  buildings 
on  its  new  site.  The  W.  C.  Schermerhorn  gift  of  ^350, 000,  the  Have- 
meyer  gift  of  {450,000.  and  the  Seth  Low  gift  of  ji, 000,000,  have  been 
recently  supplemented  by  the  gift  of  C.  C.  Worthington  of  the  equipment 
(or  an  experimental  hydraulic  engineering  laboratory  as  a  memorial  to 
his  father,  the  late  Henry  R.  Worthington,  mechanical  and  hydraulic 
engineer. 

The  space  at  the  University  site  to  be  devoted  to  the  Mechanical  Lab- 
oratories is  a  superb  allotment  of  207  feet  in  length  and  32  feet  in  width, 
with  a  head-room  or  heigtb  of  20  feet.  It  makes  an  unsurpassed  labora- 
tory area,  and  gives  a  fitting  and  appropriate  recognition  to  the  import- 
ance of  the  work  of  the  mechinical  engineer  in  a  community  such  as  that 
of  so  great  an  industrial  centre  as  Greater  New  York. 

IV. 
The  detail  of  the  laboratory  equipment  of  a  technical  or  mechanical 
engineering  school  covers  four  divisions  : 

I.  The  hydraulic  laboratory  has  already  been  provided  by  Mr,  Worth- 
ington's  gift.  It  is  to  contain  high  and  low  preisure  water  pumps,  hy- 
draulic accumulators  and  motors,  tanks,  water-meters,  gauges  and  similar 
equipment,  and  represents  a  value  between  $15,000  and  |zo,ooo. 

II.  The  second  division  is  the  steam  engineering  and  motors  labora- 
tory, which  is  also  known  as  the  dynamic  engineering  laboratory.  This 
needs  an  equipment  of  steam  engines  of  practicable  size,  to  drill  students 
in  the  handling  and  management  of  such  machinery,  and  to  enable  them  to 
make  useful  and  real  tests  of  it.  An  air- compressor  has  been  already  given 
by  the  IngeisoU-Sargeant  Drill  Company,  but  a  Corliss  cross- com  pound  or 
triple  machine  of  this  sort  will  be  a  most  desirable  addition  and  is  needed, 
together  with  indicators,  dynamometers,  calorimeters,  pressure  gauges 
and  the  like.  Other  motors  should  be  included,  and  representative  modes 
of  transmitting  power. 

III.  The  third  division  is  the  Testing  Laboratory,  for  testing  the 
strength  of  iron  and  steel  and  other  materials.  Such  a  laboratorjr  has 
two  functions : 

First,  to  give  students  of  Mechanical  Engineering  an  experience  in 
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testing  as  part  of  their  business,  and  to  give  them  an  experimental  and 
practical  knowledge  of  the  strength  and  behavior  under  strain  of  the 
materials  which  they  are  to  use  in  professional  work. 

For  this  purpose  Columbia  needs  to  supplement  its  present  equipment 
by  certain  commercial  Cestio);  machines  of  ordinary  type,  viz : 

One  Olsen  Automatic  and  Autographic  Testing  Machine 

100,000  lbs.  capacity  at £1,800 

One  Olsen  New  Testing  Machine,  zoo, 000  capacity  with 

extensions 3.000 

One  Olsen  Torsion  Machine      'iSoo 

One  Buckton-Wickstead  Single-Lever  Machine  aoo.ooo 

lbs.  capacity  3iOoo 

One  Thurston  Lubricant  Tester 350 

One  Woodbury  Oil  Tester 600 

One  Indicator  Tester  with  Mercury  column 250 

Toul £10,500 

Secondly,  a  college  testing  laboratory  should  be  equipped  with  appli- 
ances to  make  tests  on  a  larger  scale  than  is  to  be  expected  of  ordinary 
commercial  laboratories  of  manufacturing  establishments.  It  should  be 
able  to  push  forward  into  new  fields,  and  thus  to  benefit  the  community 
and  increase  the  world's  stock  of  knowledge.  Immense  interests  and 
the  safety  of  multitudes  depend  upon  the  exact  and  reliable  knowledge 
of  engineers  as  to  the  properties  in  large  masses  of  the  materials  wbJch 
they  use.  New  York  has  a  right  to  expect  this  from  the  mechanical  en- 
gineering laboratories  for  testing  at  the  University  which  is  to  be  its 
pride. 

For  this  second  function  Columbia  needs  at  the  outset  three  machines. 

I  Sellers-Emery   horizontal   tension   and   compression 

machine  300,000  lbs.  capacity ^15,000 

I  Henning  tension  and  compression  machine  3,000,000 

lbs.  capacity 40,000 

I  Double  plunger  compression  machine 3>ooo 

£60,000 

The  first  of  these  represents  the  most  advanced  standards  of  accuracy 

and  reliability,  but  its  cost  in  larger  sizes  makes  it  necessary  to  use  a  dif- 
ferent design  where  large  straining  capiacity  is  to  be  sought.  The  linear 
capacities  of  the  two  latter  machines  will  be  those  which  are  considered 
to  be  the  most  desirable  by  representative  engineers  in  the  different 
fields  of  structural  engineering,  and  Che  machines  will  be  designed  to 
test  long  columns  and  piers,  bridges,  eye-bars  and  beams,  either  to  de- 
struction or  for  proof  tests  before  being  put  to  service. 

It  may  be  found  convenient  to  locate  these  high  power  machines 
nearer  to  railway  and  wharf  facilities  than  the  elevated  site  of  the  Uni- 
versity will  permit.  Much  subsidiary  apparatus  should  be  developed  in 
time  around  the  fundamental  appliances  above  set  forth. 

IV.  The  fourth  division  includes  the  shops.  These  are  really  labora- 
tories, in  which  the  students  by  actual  work  with  the  tools  of  pattern 
maker  and  machinist  shall  learn  to  know  when  work  is  ill  01  well-done 
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by  others,  and  shall  acquire  at  first  hand  those  facts  of  experience  and 
practice,  which  shall  guide  their  judgment  and  common  sense  in  those 
decisions  on  practical  questions  which  involve  a  knowledge  or  skill  of 
this  sort.  Such  shop -laboratories  for  classes  of  forty  men  can  be  equip- 
ped  with  benches,  lathes,  planes,  drills,  milling  machines  and  the  like 
for  about  f  15,000. 

V. 

If  the  foregoing  propositions  are  sound,  they  should  appeal  with  spec- 
ial force  to  those  who  may  have  had  opportunity  to  observe  their  effect 
in  their  own  business  affairs.  It  is  from  such  persons  that  cooperation  is 
to  be  sought  rather  than  from  those  whose  field  of  labor  has  been  in  the 
more  abstract  professional  lines  or  in  purely  financial  affairs  or  in  ex- 
change. But  to  one  desirous  of  doing  a  permanent  and  signal  service  to 
his  country,  in  the  line  of  its  industrial  and  practical  progress,  the  oppor- 
tunity is  a  noble  and  a  rare  one. 

The  University  would  doubtless  attach  to  a  laboratory  or  to  alcoves  in 
it  the  names  of  those  to  whose  generosity  their  equipment  was  due,  thus 
making  them  a  monument  or  memorial,  than  which  none  could  be  more 
useful  nor  more  distinguished. 

F.  R.  HUTTON. 
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REPORT  OF  THE  ALUMNI  COUNCIL. 

At  the  meeting  of  the  Alumni  Council  held  October  a8,  1896,  the 
Secretary,  Mr.  Wm.  Allen  Smith,  submitted  his  annual  report,  of  which 
the  following  is  an  abstract: 

Oo  November  lo,  1889,  shortly  before  the  inauguration  of  Dr.  Low  as 
President  of  Columbia  College,  the  officers  and  committees  of  the  Alumni 
Associations  of  Columbia  College  and  of  the  School  of  Mines  of  Colum- 
bia College  united  in  a  dinner  at  the  Union  League  Club,  at  which 
President  Low  was  the  guest  of  honor.  From  that  time  and  continuing 
through  1893,  the  subject  of  a  closer  union  of  the  Alumni  of  the  two 
schools  was  frequently  mentioned  and  was  discussed  in  the  governing 
boards  of  the  two  Associations.  Various  proposals  and  overtures  were 
maae,  but  up  to  the  beginning  of  1894  no  definite  result  had  been 
achieved  beyond  making  Alumni  of  the  School  of  Mines  eligible  to  elec- 
tion as  Associate  Members  of  the  Association  of  the  Alumni  of  Columbia 
College.  In  1892  and  1893  this  subject  was  informally  discussed  in  con- 
versation by  President  Low,  Professors  J.  H.  Van  Amringe  and  Frederick 
R.  Hutton,  Mr.  John  B,  Pine,  and  Mr.  William  B.  Parsons.  As  the  re- 
sult of  these  discussions  and  conversation,  committees  of  conference  on 
social  reunions  and  federation  were  appointed  early  in  1894  by  both  As- 
sociations, and  a  like  committee  was  appointed  by  the  Association  of  the 
Alumni  of  the  College  of  Physicians  and  Surgeons.  The  first  meet- 
ing of  the  Committees  of  Conference,  consisting  of  three  members 
from  each   of  the  three  Alumni   Associations  of  Columbia  College, 
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of  the  College  or  Physicians'  and  Surgeons,  and  of  the  School  of 
Mines  of  Columbia  College,  was  held  October  33,  1894,  at  the  residence 
of  Mr.  Pine,  at  which  the  formation  of  a  University  Alumni  Association  or 
Council  was  discussed  ;  it  was  resolved  to  call  a  joint  meeting  of  the  three 
Alumni  Associations  on  the  evening  of  November  i6th,  and  a  ctmunittee 
was  appointed,  consisting  of  one  member  from  each  AssociatioD, 
namely  M,r.  John  B.  Pine,  Dr.  Francis  P.  Kinnicutt,  and  Mr.  William 
Allen  Smith,  to  prepare  a  plan  for  a  Univeisity  Alumni  Association 
or  Council.  On  November  16,  1894,  a  joint  meeting  of  Columbia 
Alumni,  resident  in  New  York  and  vicinity,  was  held  in  the  Fine  Arts 
Building,  315  West  Fifty-seventh  Street,  at  half  past  eight  o'clock,  p.  m.,at 
which  450  were  present.  The  expenses  of  notices,  supper,  etc.  (11611.40), 
were  paid  by  the  three  Associations  in  the  proportion  of  acceptance  (590). 
The  expense  of  the  hall  was  provided  for  by  the  Trustees  of  the  College. 
Addresses  were  made  by  President  Low  and  by  Professor  Van  Amringe, 
Dr.  W.  H.  Draper  and  Professor  Chandler.  Subsequently  the  several 
committees  recommended  a  plan  for  the  formation  of  a  University  Alumni 
Council,  and  on  June  10,  1895,  an  agreement  was  entered  into  between 
the  Association  of  the  Alumni  of  Columbia  College,  the  Association  of 
the  Alumni  of  the  College  of  Physicians  and  Surgeons,  and  the  Alumni 
Association  of  the  School  of  Mines  of  Columbia  College,  by  which  agree- 
ment "The  University  Alumni  Council  of  Columbia  College"  was 
formed.  On  October  30th  following,  the  first  meeting  of  the  Council 
was  held  at  the  Hotel  Savoy,  and  committees  were  appointed  to  draft  by- 
laws and  to  make  arrangements  for  a  joint  alumni  dinner.  On  November 
13,  the  Council  met  at  the  residence  of  Professor  J.  H.  Van  Amringe, 
adopted  by-laws,  and  elected  the  following  officers:  Professor  J.  H. 
Van  Amringe,  Chairman,  and  Mr.  William  Allen  Smith,  Secretary  and 
Treasurer.  On  December  t6,  1895,  a  joint  alumni  dinner  was  held  at 
Sherry's,  at  which  all  the  Schools  were  largely  represented,  the  number 
present  being  something  over  two  hundred.  On  February  34,  1896,  the 
Council  met  at  the  residence  of  Mr.  De  Witt.  The  Standing  Committee 
on  Alumni  Organization  presented  a  form  of  circular  letter  to  graduates 
in  other  states;  a  report  was  presented  by  the  committee  having  chai^ 
of  the  joint  alumni  dinner  held  December  16,  1895;  a  resolution  was 
adopted  recommending  a  change  of  the  name  of  the  Council  to  conform 
to  the  action  of  the  Trustees  in  adopting  the  title  of  University,  and 
resolutions  were  adopted  accepting  the  mvitation  of  the  Committee  on 
Buildings  and  Grounds  to  the  members  of  the  Council  to  act  as  Marshals 
upon  the  dedication  of  the  new  site,  and  undertaking  to  arrange  for  a 
luncheon  on  Dedication  Day.  Subsequently  about  six  thousand  copies 
of  a  circular  letter  of  notice  of  the  dedication  were  issued,  in  the  name  of 
the  Alumni  Council  of  Columbia  University,  to  the  Alumni  of  Columbia 
College,  of  the  College  of  Physicians  and  Surgeons,  and  of  the  Schools  of 
Law  and  Mines,  resident  in  New  York  and  within  about  thirty  miles  of 
New  York.  On  May  ad  the  members  of  the  Council  acted  as  Marshals, 
one  of  the  members  as  Grand  Marshal  at  the  dedication  of  the  new  site 
of  the  University,  and  a  committee  of  the  Council  took  charge  of  the 
luncheon. 

The  report  concludes :  "  From  the  foregoing  it  will  appear  that  the 
Council  has  already  established  itself  as  a  prominent  and  influential  fac- 
tor in  the  life  of  the  University,  and  gives  promise  of  wider  usefulness  in 
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the  future.  What  hag  been  done  is  ptrhaps  only  a  su^estion  of  what  may 
be  done  in  carrying  out  the  objects  for  which  the  Council  wasestablished: 
to  extend  the  Itnowledge  of  the  University  and  its  work;  to  establish 
closer  relations  between  the  Alumni  and  the  University,  and  to  further 
such  measures  as,  in  its  judgment,  will  tend  to  promote  the  interests  of 
the  University  and  its  several  parts." 

At  the  same  meeting  the  Sub-Committee  on  organization  reported  that 
it  had  prepared  a  circular  letter  addressed  to  Aiumni  generally  through- 
out the  country,  suggesting  the  establishment  of  local  associations,  and 
that  several  hundred  copies  of  the  circular,  together  with  personal  notes 
from  the  members  of  the  Committee,  had  been  mailed.  In  most  cases 
the  circular  was  accompanied  by  a  copy  of  the  Locality  Index.  The 
committee  reported  that  replies  looking  to  the  formation  of  local  Alumni 
Associations  had  been  received  from  graduates  in  the  States  of  Connecti- 
cut, Colorado,  California,  Montana,  Wtscqnsin,  Minnesota,  Michigan, 
Missouri  and  Nebraska,  and  in  Western  New  York ;  that  Associations 
had  been  formed  in  the  States  of  Connecticut  and  Colorado,  and  that 
sufficient  interest  had  been  evinced  to  justify  the  belief  that  continued 
efforts  would  result  in  the  formation  of  a  number  of  State  Associations. 
The  Committee  requests  that  any  Alumnus  who  may  be  inclined  to  assist 
in  promoting  the  formation  of  a  local  Association  will  communicate  with 


UNIVERSITY  BUILDING. 

The  "University  Building"  to  be  erected  on  the  new  site  of  the 
University  at  Morningside  Heights,  is  to  constitute  one  of  the  central  and 
most  important  features  of  the  group  of  buildings,  and  will  stand  about 
two  hundred  feet  north  of  and  fronting  the  Library. 

The  large  portico,  which  offers  the  main  approach  of  this  building, 
faces  to  the  south,  and  is  upon  the  higher  level  of  the  site.  The  grounds 
are  divided  by  a  transverse  retaining  wall  into  two  levels,  the  higher  level 
being  150  feet  above  tidewater;  and  the  lower  averaging  izo  or  115 
feet  above  tide  water.  The  rear,  or  northerly  portion  of  the  building,  is 
to  be  erected  upon  the  lower  level,  and  has  a  greater  apparent  height.  la 
locating  the  University  Building,  Schermerhorn  Hall  and  Havemcyer 
Hall,  which  will  adjoin  it  on  the  east  and  west,  facing  south,  and  having 
the  same  front  line  as  the  University  Building,  advantage  has  been  taken 
of  the  difference  in  levels  to  secure  the  greatest  amount  of  light  and  of 
cubic  space  without  producing  an  effect  of  exaggerated  height.  The 
lower  portion  of  these  buildings,  visible  only  on  the  north,  will  be  con- 
structed of  roughly  cut  New  York  stone  of  a  dark  gray  color.  Above 
the  basement,  the  Uni\-ersity  Building  will  be  constructed  of  materials 
similar  to  those  used  in  Schermerhorn  Hall  and  the  other  buildings  de- 
signed for  educational  purposes,  viz  :  Harvard  brick  of  a  dull  red  color, 
and  buff  Indiana  limestone,  the  latter  being  used  for  the  portico,  and  for 
aU  decorative  features. 

The  University  BuUding  has  a  frontage  of  176  feet  and  a  length  of 
160  feet.  It  is  planned  to  serve  four  distinct  purposes,  viz:  those  of  a 
University  Theatre;  of  a  Gymnasium;  of  a  "Commons"  or  Dining 
Hall,  and  University  Ofiices ;  and  of  a  Power  House.  The  power  plant 
will  occupy  the  basement  between  the  ret^ning  wall  and  the  driveway 
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which  intersects  the  building,  where  it  will  be  almost  completely  con- 
cealed from  sight.  The  remainiog  portion  of  the  basement,  compris- 
ing the  great  apsidal  space  at  the  northern  end  of  the  building,  is  to  be 
devoted  to  the  gymnasium,  which  will  be  170  feet  by  130  feet,  the  ceil- 
ing being  thirty-five  feet  in  height.  A  running  track  twelve  feet  broad, 
with  nine  laps  to  the  mile,  will  be  suspended  above  the  exercise  floor. 
The  floor  of  the  gymnasium  will  be  about  on  a  level  with  the  surrounding 
land,  and  large  and  numerous  windows  will  afford  ample  light  and  venti- 
lation. Beneath  the  gymnasium  it  is  planned  to  construct  a  swimming 
pool,  semi-circular  in  shape,  100  feet  by  50  feet,  with  a  depth  of  ten  feet, 
which  will  also  serve  as  a  rowing  tank.  Immediately  above  the  gymna- 
sium is  to  be  the  University  Theatre,  which  will  have  a  seating  capacity 
of  2,500.  The  theatre  will  be  accessible  cither  through  the  corridors 
leading  from  the  portico  on  the  south  front  of  the  building,  or  it  can  be 
reach^  by  means  of  the  transveise  driveway  which  crosses  the  grounds 
near  1 1 9th  street  and  has  entrances  on  both  avenues.  At  the  side  of  this 
driveway  and  underneath  the  building  will  be  a  spacious  vestibule,  from 
which  two  broad  stairways  will  lead  up  to  the  theatre.  The  portion  of 
the  building  which  fronts  immediately  upon  the  library,  will  be  occupied 
principally  by  the  "commons,"  or  dining  hall,  118  feet  in  length  by 
sixty-four  feet  in  width  and  seventy-six  feet  in  height,  having  a  seating 
capadty  of  about  600.  The  remainder  of  this  part  of  the  building  will 
be  devoted  to  private  dining  rooms  and  kitchens,  and  to  rooms  to  be  used 
as  places  of  meeting  for  the  members  of  the  various  faculties  and  for  the 
students.  It  is  intended  to  make  this  building  the  centre  of  the  social 
life  of  the  University.  For  commencements  and  other  public  occasions 
the  theatre,  the  hall  and  other  connecting  rooms  in  the  southerly  portion 
of  the  building  may  be  used  together,  and  will  provide  ample  and  beauti- 
ful accommodations.  It  is  proposed  that  the  interior  of  the  "  commons  " 
shall  be  finished  somewhat  in  the  manner  of  the  large  halls  in  the  English 
Universities.  The  size  and  proportions  of  the  hall  will  render  it  a  digni- 
fied and  prominent  feature  of  the  Univereity,  and  the  Alumni  propose  to 
give  it  an  historic  and  personal  interest  by  making  it  an  Alumni  Me- 
morial Hall  in  which  shall  be  preserved  the  portraits,  busts  and  other 
memorials  of  distinguished  graduates. 
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PRELIMINARY  HOISTING  PLANT  FOR  MINES. 

By  ROBERT  PEELE. 

It  is  intended  here  to  give  some  account  of  the  hoisting  appli- 
ances appropriate  to  the  temporary  work  generally  preceding  se- 
rious mining  operations,  and  which  are  employed  sometimes  also 
in  connection  with  the  development  of  established  mines. 

The  sinking  of  a  prospecting  shaft  may  be  followed  by  actual 
exploitation  on  a  small  scale,  and  it  may  be  necessary  to  sink  sev- 
eral hundred  feet  without  the  use  of  a  steam-power  hoist.  No 
sharp  line  can  be  drawn  between  the  work  of  the  prospector  and 
the  beginning  of  the  development  of  the  mine  which  results  from 
his  discoveries.  In  every  new  camp  mining  may  be  seen  in  all  of 
its  stages;  the  use  of  the  hand  windlass  for  beginning  a  shaft;  then, 
as  greater  depth  is  reached,  perhaps  the  introduction  of  a  horse 
whim,  or  a  light,  portable  engine  and  boiler,  and,  finally,the  erection 
of  the  permanent  hoisting  plant. 

The  Hand  Windlass. 
The  simplest  apparatus  for  hoisting,  and  in  its  first  cost  the 
cheapest,  is  the  ordinary  wooden  windlass  and  bucket.  It  is  used 
not  only  for  prospecting  shafts,  but  often  even  in  large  mines  for 
sinking  winzes  from  one  level  to  another,  in  places  where  power 
hoists  cannot  be  introduced.  The  winding  drum,  or  barrel,  gen- 
V01.XV11L — 7 
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erally  from  6  to  to  inches  diameter,  is  supported  by  a  framework 
and  platform  set  over  the  mouth  of  the  shaft  or  winze  (Figs,  i 
and  2). 


IB  ■ 


Two  uprights,  say  4  inches  by  6  inches  in  section,  are  mortised 
into  sills  running  across  the  mouth  of  the  shaft,  braced  as  shown 
on  the  sketch,  and  notched  at  the  top  to  receive  the  axle  of  the 
barrel.  Occasionally  the  uprights  are  made  merely  of  two  pieces 
of  2-inch  plank,  spiked  to  the  sills.  For  the  passage  of  the  bucket 
there  is  a  rectangular  opening  in  the  platform,  which  may  or  may 
not  be  closed  by  a  door  when  the  bucket  i.s  being  dumped.  It  is 
always  advisable  to  cover  the  mouth  of  the  shaft  by  a  platform, 
because  the  edges  of  the  opening  are  likely  to  be  loose  or  fissured, 
so  that  pieces  of  rock  might  be  broken  away  and  injure  the  men 
below,  or  in  dumping  the  bucket  some  of  the  material  might  fall 
back  into  the  shaft. 

When  the  barrel  is  of  small  diameter  it  is  hewed  or  turned  out 
of  a  solid  stick  of  timber,  well  smoothed  to  prevent  undue  wear  upon 
the  rope ;  or  it  may  be  made  of  a  straight  section  of  tree  trunk,  with 
the  bark  removed.  For  a  solid  barrel  the  axle  is  usually  formed  by 
boring  a  hole  in  the  center  of  each  end,  S  inches  to  12  inches  deep, 
and  driving  in  a  steel  pin,  ^  inch  to  I  inch  in  diameter.  The  pins  are 
slightly  larger  than  the  hole,  and  the  part  entering  the  wood  is  of 
square  section,  or  provided  with  "  feathers,"  to  prevent  them  fixim 
turning  loose  and  working  out.    An  iron  collar  should  be  shrunk 
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or  driven  upoa  each  end  of  the  barrel  to  avoid  splitting.  The 
handles,  or  cranks,  of  which  there  are  usually  two,  are  continua- 
tions of  the  axle  pins,  and  are  set  at  180°  from  each  other.  They 
are  operated  by  from  I  to  4  men,  according  to  the  depth  of  shaft 
and  weight  of  load.  The  crank  radius  is  usually  16  inches  ;  length 
of  handle,  15  inches  to  20  inches;  height  of  center  of  barrel  above 
the  platform,  42  inches. 

Sometimes  the  barrel  is  made  of  larger  diameter,  up  to  16  or 
18  inches,  and  for  convenience  and  lightness  is  then  generally  built 
up  like  a  hollow  drum.  Two  or  three  thick  wooden  discs,  forming 
centers,  are  mounted  upon  a  4  or  6  inch  square  wooden  axle,  which 
is  turned  down  at  the  ends  to  form  bearings,  or  provided  with 
pins,  as  described  above,  which  pass  through  iron  plates  screwed 
to  the  ends  of  the  axle.  The  surface  of  the  barrel  in  this  case  is 
of  longitudinal  lagging  strips,  of  say  2  by  3  inch  stuff.  Occasionally 
windlasses  are  provided  with  gearing.  In  such  case  ordinary 
bearings  are  required  for  the  barrel  and  separate  crank  shaft. 
These  ready-made  patterns  are  furnished  by  several  of  the  mining 
machinery  builders. 

The  rope  is  put  on  the  windlass  by  giving  it  several  turns 
around  the  barrel  to  furnish  the  necessary  grip,  and  fastening  the 
loose  end  by  a  staple.  Hemp  rope  i  to  1 5^  inches  diameter  is  used ; 
sometimes  a  ^  inch  soft  wire  rope.  The  buckets  are  generally  of 
wood,  bouitd  with  iron,  though  light  iron  buckets  are  occasionally 
employed.  They  hold,  say,  from  250  to  400  lbs.  There  may  be 
one  or  two  buckets.  With  two  a  greater  net  load  can  be  hoisted, 
because  the  weight  of  the  bucket  is  eliminated,  as  well  as  that  of 
part  of  the  rope,  when  the  empty  bucket  is  descending.  The 
length  of  rope  required  for  two  buckets  is  manifestly  but  a  few 
feet  more  than  for  one.  Generally  speaking,  a  windlass  should  be 
manned  by  two  men.  Under  no  circumstances  should  a  single 
man  be  allowed  to  raise  or  lower  another  man. 

In  point  of  efficiency  and  economy  nothing  can  be  urged  in 
favor  of  hoisting  by  manual  labor,  except  its  expediency  under 
temporary  conditions  and  the  cheapness  and  facility  with  which 
it  may  be  applied.  Much  work  is  done  in  a  small  way  in  every 
mining  district  by  men  whose  capital  is  their  muscle  and  ingenuity, 
and  who  arc  able  to  "  knoctc  together "  a  windlass  and  make 
wages.  Prospectors,  also,  must  resort  to  the  windlass  if  their  in- 
vestigationa  are  to  extend  more  than  a  few  feet  below  the  surface. 
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An  average  man  will  do  2,200  foot  pounds  of  work  per  minute, 
and  in  turning  a  windlass  crank  the  eRbrt*  exerted  by  his  arms 
should  not  average  more  than,  say,  1 5  pounds.    This  gives  a  proper 

velocity  for  the  crank  of  -^ —  ^  147  feet  per  minute;  or,  with  a 

16  inchcrank  radius,  the  speed  would  be  about  17^  revolutions  per 
minute.  With  a  single  unbalanced  bucket  the  useful  work  of  a  man 
is  reduced  to  about  1400  foot  pounds  per  minute.* 

The  limit  of  depth  to  which  hand  power  may  be  reasonably  em- 
ployed is  from  70  to  100  feet,  depending  largely  upon  the  quantity 
of  water  which  must  be  raised  in  addition  to  the  excavated  ma- 
terial. The  weight  of  the  rope  also  enters  into  the  calculation. 
By  using  the  above  data  it  is  found  that,  in  a  shift  of  8  hours, 
with  a  single  unbalanced  bucket,  two  men  cannot  raise  more  than 
6  tons  from  a  depth  of  100  feet,  and  in  regular  work  a  duty  of  not 
more  than  4  to  5  tons  should  be  expected.  With  balanced  buckets, 
on  the  other  hand,  and  by  employing  4  men,  the  amount  hoisted 
is  much  greater:     2,200  ft.  lbs.  X  4X  8X60^4,224,000  ft.  lbs. 

-  -       —  - — TV— =  18.85  lone  tons,  maximum  duty. 
iooX2,24olbs.  J       &        >  1 

The  Horse  Whim. 

When  a  shaft  has  become  too  deep  for  a  windlass  a  horse  whim 

may  be  substituted.     This  useful  machine  is  very  extensively  em- 


■Theie  daU  ire  from  kctnal  work.     See  Colliery  Engineer,  Jmm,  1895,  p.  357. 
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ployed  in  the  mining  regions  of  the  United  States  for  depths  not 
greater  than, say,  250- to  350  feet.  In  Mexico  and  South  America, 
however,  it  is  often  used  for  shafts  of  much  greater  depth.  The 
whim  is  light,  inexpensive  and  is  easily  and  quickly  erected.  Sev- 
eral types  of  the  apparatus  are  shown  by  Figs.  3,  4  and  5. 

In  one  of  the  simplest  forms  (Fig.  3)  the  drum  is  set  upon  a 
vertical  shaft,  and  has  a  long  arm,  or  "  sweep,"  to  which  the  horse 


Fio.  4. 
is  attached.     More  power  is  gained  by  introducing  gearing  (Fig. 
4),  and  this  is  often  done,  though  the  weight  of  the  machine  and 
its  cost  are  correspondingly  increased.     Fig.  5  shows  a  service- 
able form  of  mining  whim  frequently  employed  in  the  West.     It 
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is  set  upon  a  light  timber  foundation,  the  frame  and  drum  being 
of  iron. 

The  drum  should  be  placed  far  enough  from  the  shaft  to  allow 
ample  room  for  handling  hoisted  material,  etc.,  between  the  circular 
path  traversed  by  the  horse  and  the  shaft  mouth.  With  a  vertical 
drum  the  rope  must  be  led  off  horizontally,  the  horse  stepping 
over  it  at  each  turn.  At  a  little  greater  cost  the  drum  can  be  set 
lower,  so  that  the  rope  runs  in  a  shallow,  covered  trench,  thus 
leaving  the  surface  unobstructed.  Close  to  the  shaft  collar  is  a 
small  sheave,  under  which  the  rope  passes  to  the  hoisting  sheave, 
mounted  on  the  frame  over  the  shaft.  When  the  drum  is  mounted 
horizontally  the  rope  may  be  led  directly  to  the  hoisting  sheave 
with  sufficient  head  room  for  the  horse  to  pass  underneath.  This 
plan  requires  a  stronger  frame  ("  gallows-frame  ")  braced  to  with- 
stand the  diagonal  pull  of  the  rope.  It  is  found  in  practice  that  the 
minimum  diameter  of  the  circle  traversed  by  the  horse  should  not 
be  less  that  20  feet ;  better  25  feet,  or  more.  If  it  be  too  small 
the  animal  is  worried  by  the  work,  and  is  apt  to  injure  his  legs  by 
interfering.  It  is  well  to  make  the  whim  sweep  from  12  to  16  feet 
long. 

The  work  done  by  an  average  horse  per  minute  is  taken  as 
19,600  foot  lbs.;  speed  of  travel  while  hoisting,  35^  to  4  miles  per 
hour,  and  the  average  tractive  force  about  5  5  lbs.  The  power 
developed  and  the  hoisting  speed  will  then  depend  upon  the  rela- 
tive diameters  of  drum  and  the  circular  path  traversed  by  the 
horse. 

Duty  of  One-Horse  Whim.  With  a  well  constructed  whim  the 
duty  of  a  single  horse  may  be  taken  as  a  gross  load  of  600  lbs, 
raised  at  a  speed  of  35  feet  per  minute.  This  includes  the  wei^t 
of  bucket  and  rope.  With  an  unbalanced  bucket  the  useful  work 
of  a  horse  is  reduced  from  19,600  to  say  14,000  ft.  lbs.  per  minute. 
Under  these  circumstances,  at  a  depth  of  250  feet,  a  maximum  of 
15  tons  can  be  hoisted  by  one  horse  in  10  hours.  Light  steel 
buckets  for  whim  work  weigh  200  to  300  lbs.,  and  the  ro^  would 
generally  be  of  steel,  J^  or  ^  diameter,  weighing  respectively 
0.35  and  0.60  lb.  per  foot.  One-horse  whims  have  been  used  to 
as  great  a  depth  as  450  ft.,  but  such  practice  is  very  unusual,  be- 
cause the  speed  must  be  slow  and  the  net  load  reduced  on  account 
of  the  weight  of  the  rope. 

Two'hone  Whim.    With  two  horses  a  gross  load  of  800  lbs.  can 
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be  raised  50  feet  per  minute  in  regular  work.  It  is  generally 
better  to  increase  the  speed  than  the  load,  by  using  a  larger  drum, 
because  small  buckets  can  be  more  conveniently  handled  at  the 
surface.  The  horses  are  usually  kept  at  a  walk.  W  ith  gearing  the 
angular  velocity  of  the  drum  is  about  one-third  that  of  the  sweep, 
that  is,  if  the  bevelled  pinion  on  the  vertical  shaft  have  20  teeth 
the  spur  wheel  on  the  drum  shaft  would  have  60  teeth. 

For  one-  and  two-horse  whims  only  one  man  is  actuallj'  required 
at  the  surface  ;  for  larger  machines  two  men  are  employed,  one  as 
driver,  the  other  to  handle  the  bucket  and  brake.  Whim  horses 
may  be  controlled  by  the  voice,  being  taught  to  start  and  stop 
without  a  driver.  In  the  United  Slates  whims  are  commonly  pro- 
vided with  strap  brakes,  so  that  the  empty  bucket  maybe  lowered 
while  the  horse  is  standing  at  rest.  They  are  made  generally-for 
a  single'femcket,  as  a  pair  of  buckets  are  liable  to  strike  each  other 
in  passing  in  the  shaft,  but,  of  course,  there  are  the  same  advan- 
tages io  using  balanced  buckets  as  obtain  with  the  windlass. 

The  Malacate.*  What  has  been  said  thus  far  regarding  whims 
applies  particularly  to  practice  in  the  United  States,  or  any  district 
moderately  easy  of  access.  In  some  of  the  Mexican  and  South 
American  mining  regions,  however,  distant  from  the  coast  and 
from  railroads,  and  where  the  introduction  of  steam  power  would 
be  difficult,  whims  of  very  large  size  are  used,  capable  of  hoisting 
from  great  depths,  and  employed  in  the  regular  exploitation  of 
mines.  In  these  countries  the  machine  is  known  as  the  malacate. 
This  form  of  whim  has  been  used  to  some  extent  also  in  the 
western  and  southwestern  parts  of  the  United  States.     As  shown 


*Spaiu»h.     PronoBiKcd  mah-Iah-cah'-Uj. 
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by  Fig.  6  it  consists  of  a  large  drum  mounted  8  or  lo  feet 
above  the  ground  upon  a  heavy  vertical  shaft  or  spindle.  To  the 
drum  and  shaft  are  attached  a  pair  of  sweeps.  The  drum  has  a 
light  but  strongly  braced  skeleton  frame  of  steel  or  wrought  iroo, 
though  the  smaller  sizesareoften  made  wholly  of  wood.  A  stick  of 
timber,  6  by  6  or  8  by  S  inches,  with  pins  let  into  each  end,  forms 
the  drum  shaft.  The  lower  bearing  is  a  cast-iron  socket  (or  even 
a  hard  stone  in  which  a  hole  is  drilled),  while  the  upper  bearing  is 
carried  by  a  framework  spanning  the  circular  track.  The  drum 
is  generally  from  8  to  12  feet  in  diameter,  with  a  face  2^  to  4  feet 
wide,  lagged  with  strips  of  wood,  or  covered  with  light  plate  iron. 
Hanging  from  the  extremities  of  the  sweeps,  which  are  frequently 
25  feet  long,  are  vertical  yokes  for  one  or  two  mules.*  The  ani- 
mals are  trained  to  keep  at  a  steady  trot.  They  reverse  the  motion 
of  the  drum  by  turning  rapidly  in  their  own  length — the  yokes 
being  swivelled  to  the  sweeps — and  trot  in  the  opposite  direction. 
From  the  drum  the  rope  passes  off  horizontally  to  the  sheave  over 
the  mouth  of  the  shaf^.  When  there  are  two  buckets,  as  is  usualiy 
the  case,  the  rope  has  several  turns  around  the  drum  to  prevent 
slipping.    Brakes  are  rarely  used. 

Malacates  are  fKquently  erected  underground.  A  tunnel  is 
driven  to  the  vein  and  the  ore  lying  above  having  been  worked 
out,  the  malacate  is  used  for  sinking  below  the  tunnel  level.  To 
accommodate  it  a  large  chamber  is  excavated  in  the  rock,  clbsc  to 
the  mouth  of  the  shaft  or  winze.  In  the  high  altitudes  of  the 
Andes  Mountains  this  work  is  severe,  and  the  mules  do  not  often 
work  more  than  si}c  hours  per  day,  generally  in  shifts  of  three 
hours  each.  An  example  may  be  mentioned  of  a  malacate  in  a 
Bolivian  mine  (the  Amigos,  at  Colquechaca),  situated  at  an  alti- 
tude of  i5,(XX3  feet,  which  was  used  to  a  depth  of  750  feet,  the 
shaft  being  sunk  at  the  end  of  a  tunnel  nearly  1,600  feet  long. 
Two  malacates  were  in  operation,  each  with  four  mules  at  a  time, 
and  millions  of  dollars'  worth  of  silver  vere  taken  out  in  this  primi- 
tive way.  In  Mexico  malacates  of  great  size  have  been  employed, 
operated  by  from  eight  to  twelve  mules.  In  remote  districts  both 
ore  and  water  are  sometimes  hoisted  by  raw-hide  sacks  instead  of 
buckets.  They  hold  from  800  to  1,000  lbs.,  and  are  made  by 
trimming  a  hide  to  an  approximately  circular  shape  ;  around  the 

■  In  Sptuiiih  American  countriM  mul««  an  almost  inv&ri&bljr  uied  initeid  oF 
bones,  as  they  stuid  the  work  better,  especiall]'  in  high  iltitudei. 
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■edge  holes  are  cut  at  intervals,  through  which  a  rope  or  strip  of 
Taw-hide  is  threaded  so  as  to  gather  up  the  skin  in  sack  Torm.  As 
the  sack  (Spanish,  capacho)  swings  loosely  in  the  shaft,  frequently 
striking  against  the  sides,  it  does  not  last  long,  but  possesses  the 
advantages  of  being  light,  unbreakable  and  cheap. 

The  whim,  in  any  of  its  forms,  is  a  useful  appliance  for  prelim- 
inbry  mining  operations.  It  is  durable  and  portable  and,  while 
the  ready-made  patterns  arc  commonly  used  in  this  country,  but 
little  skill  is  required  to  extemporize  a  whim  that  will  serve  for 
^sinking  to  a  considerable  depth. 


PRINCIPLES  OF  ELECTRICAL  DISTRIBUTION.— I. 
By  FRANCIS  B.  CROCKER. 

The  distribution  of  electrical  energy  from  the  generating  plant 
to  lamps,  motors  or  other  devices  involves  problems  of  great 
scientific  and  technical  interest.  It  is  also  a  fact  that  in  almost 
every  electrical  installation  the  cost  of  the  distributing  conductors 
is  a  larger  item  than  that  of  the  generating  machinery.  This  is 
always  true  of  long-distance  transmission,  and  even  in  an  isolated 
electric  lighting  plant  the  wiring  is  usually  more  expensive  than' 
the  engines  and  dynamos  combined. 

Substantially  the  same  principles  apply  to  all  branches  of  elec- 
trical transmission  and  distribution,  including  electric  lighting  and 
power,  tel^raphy,  telephony,  etc.  But  the  subject  has  been  de- 
veloped more  thoroughly  in  the  case  of  electric  lighting,  which  re- 
quires a  more  nearly  perfect  regulation  of  pressure  and  current 
than  the  other  applications ;  hence  it  will  be  studied  chiefly  from 
that  point  of  view  in  the  present  case. 

Measuting  Electrical  Conductors.  Either  the  metric  system  or  the 
ordinary  English  system  of  units  can  be  employed  to  measure  the 
length  and  size  of  wires  or  conductors.  The  former  system,  in 
spite  of  its  many  advantages,  is  rarely  used  for  this  purpose  in 
America  or  in  England,  and  tables  or  rules  employing  it  would  be 
practically  worthless,  since  they  must  ultimately  be  used  by  com- 
mon workmen.  It  should  be  made  compulsory  before  it  can  be 
adopted  generally.    In  English  measure  we  can  select  either  the 
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mile,  yard  or  foot  as  the  unit  of  length.  The  first  is  too  targe,  as 
it  necessitates  inconvenient  decimal  fractions;  the  yard  is  often 
employed  in  England  to  measure  electrical  conductors,  but  it  is 
rarely  used  for  that  purpose  in  America,  the  foot  being  almost 
universally  adopted  as  the  unit.  The  size  of  a  wire  may  be  either 
stated  in  terms  of  the  numbers  of  an  arbitrary  gauge,  or  the  actual 
diameter  in  fractions  of  an  inch  may  be  given.  Unfortunately  the 
practice  of  using  wire  gauges  has  existed  /rem  time  immemorial, 
and  results  in  much  confusion  because  of  the  great  number  of  differ- 
ent  gauges.*  This  has  been  overcome  to  a  certain  extent  in  this 
country  by  the  general  adoption  of  the  Browne  &  Sharp,  or  Ameri- 
can wire-gauge,  but  this  is  quite  different  from  the  new  Standard 
British  wire-gauge,  which  is  used  in  England.  The  American 
wire-gauge  will  be  employed  in  the  present  instance,  since  in  this 
country  wires  are  made  and  referred  to  by  that  gauge  very  ■gener- 
ally, but  in  many  cases  it  is  much  better  to  specify  the  actual 
diameter  of  the  wire.  For  this  purpose  the  word  mii  has  been  in- 
troduced, being  a  short  name  for  one  thousandth  of  an  inch. '  That 
is  to  say,  a  wire  lOO  mils  in  diameter  is  one  hundred  one  thous- 
andths or  one  tenth  of  an  inch  in  diameter.  The  cross-section  of 
a  wire  one  mil  in  diameter  is  called  one  circular  mil,  being  the  area 
of  a  circle  one  thousandth  of  an  inch  in  diameter.  Since  the  cross- 
section  of  any  other  round  wire  will  be  proportional  to  the  square 
of  its  diameter,  it  follows  that  the  cross-section  in  circular  mils  can  be 
found  by  multiplying  the  diameter  in  mils  by  itself.  We  thus  avoid 
the  difficulty  of  converting  the  cross-section  into  square  measure, 
which  requires  the  square  of  the  diameter  to  be  multiplied  by  t  and 
divided  by  four.  This  is  an  awkward  and  unnecessary  calculation 
in  the  case  of  round  wires,  it  being  much  simpler  and  equally  defi- 
nite to  measure  them  in  terms  of  a  circular  unit.  The  cross-sec- 
tion of  the  rectangular  conductors  is  defined  simply  in  terms  of 
their  breadth  and  thickness  in  inches  or  mils. 

For  measuring  wires  or  conductors,  a  wire  gauge  or  a  microm- 
eter may  be  employed.  The  former  consists  of  a  plate  having 
slots  in  its  edge  corresponding  in  size  to  the  gauge  numbers.  The 
latter  is  usually  a  screw-micrometer  which  measures  the  diameter 
or  thickness  in  mils,  that  is,  thousandths  of  an  inch. 

Materials  for  Elechicat  Conductors.  Copper  is  the  material  cm- 
ployed  almost  universally  for  electrical  conductors,  on  account  of 
•Wheeler's  Chart  of  Wire  Gauges,  the  W.  J.  Johnston  Co.,  N.  Y. 
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its  high  conductivity.    The  slight  superiority  of  silver  in  this  re- 
spect is  more  than  offset  by  its  higher  density. 

There  are,  however,  several  metals  which  are  lighter  than  cop- 
per for  the  same  resistance.  For  example,  aluminum  has  a  con- 
ductivity or  0.542  if  copper  is  taken  as  unity,  and  its  density  is  2.7. 
1.000 
^oSo" 

one  half  as  much  as  a  copper  wire  having  the  same  length  and  re- 
sistance* 

Although  there  are  several  metals  that  could  be  used  as  electri- 
cal conductors  which  are  considerably  lighter  than  copper,  it  is 
doubtful  if  it  would  be  desirable  to  use  them,  except  in  special  cases 
where  minimum  weight  is  of  particular  importance,  because  their 
bulk  would  be  so  much  greater.  For  example,  an  aluminum  wire 
must  have  about  twice  the  cross-section  of  an  equivalent  copper 
wire  and  would,  therefore,  require  much  more  insulating  material 
to  cover  it  and  would  be  more  clumsy,  for  overhead -or  under- 
ground conductors  or  interior  wiring. 

In  addition  to  metals  such  as  aluminum,  which  may  be  em- 
ployed for  electrical  conductors  in  place  of  copper,  because  they 
are  lighter,  other  metals  and  alloys  are  used  on  account  of  cheap- 
ness or  greater  strength.  The  most  prominent  of  these  is  iron 
or  steel,  which  until  a  few  years  ago  was  adopted  almost  uni- 
versally for  telegraph  and  telephone  lines.  But  the  most  recent 
practice  is  to  employ  copper  even  for  these  purposes,  it  being 
found  that  the  lower  resistance,  inductance  and  capacity  (because 
smaller  wires  are  used)  more  than  makes  up  for  increased  first  cost. 
Iron  has  rarely  been  used  as  a  conductor  in  electric  light,  power 
or  other  circuits  that  carry  large  currents,  because  of  its  much 
lower  conductivity,  being  about  one-seventh  that  of  copper.  An 
iron  wire  must  therefore  have  seven  times  the  cross-section  and 

8.89 
would  cost  about  as  much. 

Nearly  all  alloys  also  have  a  considerable  lower  conductivity 
than  pure  copper,  so  that  they  are  not  very  generally  used  even 
for  overhead  conductors.  In  the  latter  case,  hard-drawn  wire  is 
employed,  having  a  conductivity  about  2  to  3  per  cent,  less  than 
that  of  annealed  copper. 

*  Tbe  cond activity  of  aluinimiiii  varies  soincwhKt  depending  upon  its  purity. 
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Eiechical  Resistance.  In  electrical  distribution  the  most  im- 
portant factor  is  resistance,  from  the  scientific  as  well  as  from  the 
commercial  points  of  view.  It  entirely  determines  the  flow  of  a 
direct  current,  and  lai^ely  aflects  alternating  current  circuits  also, 
necessitating  the  use  of  large  quantities  of  copper  for  conductors, 
the  cost  of  which  constitutes  the  chief  item  of  expense  in  almost 
all  electrical  plants  or  systems,  as  already  stated. 

Resistance  appears  as  a  serious  difHcuIty  in  electrical  distribu* 
tion,  producing  three  objectionable  effects.  First,  it  causes  a  drop 
in  voltage,  so  that  the  various  lamps  arc  not  supplied  with  suf- 
ficient pressure  or  with  the  same  pressure ;  second,  it  involves  a 
loss  of  energy  and  efficiency,  and  third,  it  produces  heating  of  the 
conductors,  which  may  destroy  the  insulation  or  give  rise  to 
danger  of  fire.  Each  of  these  effects  will  be  considered  separately 
later. 

The  determination  of  electrical  resistance  can  easily  be  made 
either  by  calculation  or  by  actual  measurement.  It  is  not  necessary 
here  to  explain  the  many  well-known  ways  of  measuring  resist- 
ance, such  as  the  Wheatstone  bridge  and  the  fall  of  potential 
methods.  These  may  be  found  in  almost  any  electrical  work. 
Furthermore,  it  is  the  usual  practice  to  determine  the  electrical  re- 
sistance of  conductors  in  electric  light  and  power  distribution  hy 
calculation  based  upon  certain  recc^nized  standards.  This  may 
be  verified  by  tests  of  samples  of  the  wire  or  by  measurements 
made  after  the  conductors  are  laid. 

The  Standard  Condtictivity  of  Copper.  It  is  almost  universally 
customary  to  express  the  comparative  conductivity  of  samples  of 
copperinterms  of  Matthiessen's  standard.  Unfortunately,  Matthies- 
sen  gave,  at  different  times,  several  values  which  do  not  agree  ex- 
actly. To  overcome  this  difficulty,  a  committee  of  the  American 
Institute  of  Electrical  Engineers  carefully  investigated  this  question 
and  recommended  a  general  acceptance  of  a  definite  value  for 
Matthiessen's  standard.  It  is  possible  to  obtain  copper  of  greater 
purity  and  higher  density  than  that  used  by  Matthiessen,  so  that  a 
somewhat  better  conductivity  of  102,  or  even  105  per  cent,  of  the 
standard  may  be  reached.  But  practically  all  commercial  copper 
is  below  Matthiessen's  standard. 

A  complete  table  was  prepared  by  the  committee  of  the  Ameri- 
can Institute  of  Electrical  Engineers,*  giving  the  resistance,  weight, 

•  TransaclioM,  Vol,  X.,  1893. 
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etc.,  of  the  various  sizes  of  wire,  in  both  the  American  and  Eng- 
lish systems.  The  resistance  of  any  copper  wire  at  20  degrees  C. 
or  68  d^rees  Fahr.,  according  to  Matthiessen's  standard,  may  be 

calculated   by  the  following  simple  formula :  R^ — l''-,^being 

a' 

the  resistance  in  international  ohms, /the  length  of  the  wire  in 
feet,  and  d  its  diameter  in  mils.  The  latter  is  easily  determined 
with  accuracy  by  means  of  the  ordinary  screw  micrometer.  A 
very  simple  and  convenient  rule  to  remember  is  the  fact  that  1 ,000 
feet  of  No,  10  A.  W,  G.  wire,  which  is  practically  one-tenth  of  an 
inch  in  diameter  (.1019),  has  i  ohm  resistance  at  20  degrees  C, 
(68  degrees  Fahr.),  and  weighs  31.4  pounds.  A  wire  three  sizes 
larger,  that  is,  No,  7,  has  twice  the  cross-section  and  weight  per 
thousand  feet,  and  one-half  the  resistance.  A  wire  three  sizes 
smaller,  that  is.  No.  1 3,  has  one-half  the  cross-.section  and  weight 
and  twice  the  resistance  per  thousand  feet.  Another,  three  sizes 
smaller,  that  is.  No.  16,  has  one-fourth  the  cross-section  and 
weight  and  four  times  the  resistance  of  No.  10,  and  similarly  a 
No.  4  wire  has  four  times  the  cross-scction  and  weight  and  one- 
fourth  the  resistance  of  No,  10.  This  may  be  carried  to  the  ex- 
treme limits  of  the  gauge  in  either  direction,  the  cross-section 
doubling  with  each  three  numbers.  Intermediate  sizes  may  be 
approximated  by  interpolation ;  for  example,  No.  8  wire  is  about 
two-thirds  larger  than  No.  10. 

Ttmperatute  Coefficient  of  Copper.  The  effect  of  variations  in 
temperature  upon  the  conductivity  of  copper  was  given  by  Mat- 
tbiessen,*  his  results  being  usually  put  in  the  following  form: 

R,=  R^{l  -{■  Q.COI^JC  -{■  0.00000597/*). 

in  which  R,  is  the  resistance  of  a  pure  copper  conductor  at  any 
temperature  /  in  centigrade  degrees,  R^  being  its  resistance  at  o'C. 
It  is  doubtful,  however,  if  this  complicated  formula  is  any  more 
correct  than  the  very  simple  expression:  f 

R^=R^{l  +0.004/). 

Matthiessen  found  nearly  all  pure  metals  to  have  substantially  the 
same  temperature  coefficient  as  copper,  the  only  important  excep- 
tion being  iron  and  liquid  mercury.     The  values  given  for  Aese 

*I%U<>itfAitai  Transaclims,  lUCtX 

\Tkt  EkttritttI  Warid,  Feb.  t6, 1896. 
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metals  arc  somewhat  variable,  but  are  about  0.0043  for  iron  and 
about  0.0009  f*)!*  liquid  mercury. 

The  resistance  in  ohms  of  a  copper  conductor  at  a  given  tem- 
perature is  calculated,  according  to  Matthiessen's  results,  by  the 
formula : 

D  _9S87fi  +0.00387/+ 0.0000059;/*)/ 
R, ^i —  . 

which  gives  the  same  figures  as  those  of  the  table  of  the  American 
Institute  of  Electrical  Engineers,  already  cited.     But  if  the  simpler 
temperature  coefficient  is  adopted,  approximately  correct  values 
are  obtained  from  the  following  expression: 
9.6(1  +0.004/)/ 
■"'"  d^     

In  fact,  the  variation  in  resistance  of  copper  is  so  great  with 
ordinary  changes  in  temperature  that  it  is  rarely  possible  to  pre- 
determine it  with  great  accuracy.  The  temperature  of  an  over- 
head line  may  vary  from  natural  causes  enough  to  alter  the  resist- 
ance about  25  per  cent.  A  further  increase  due  to  the  heating 
effect  of  the  current  would  make  a  total  change  of  about  40  per 
cent,  in  resistance.  Underground  and  interior  conductors  are  not 
subject  to  such  extreme  variations  in  the  temperature  of  their 
environment,  but  it  often  amounts  to  many  degrees,  particularly  for 
the  tatter,  and  the  heating  effect  of  the  current  may  be  equally 
great.  Fortunately,  however,  in  electrical  transmission  or  dis- 
tribution the  current  does  not  ordinarily  heat  wires  more  than  5  or 
10  degrees,  the  loss  of  voltage  being  usually  the  controlling  iactor. 
Under  the  head  of  current  capacity  the  rise  in  temperature  of  the 
various  kinds  of  conductors  will  be  discussed  later. 

In  any  given  case  the  probable  temperature  around  a  conductor 
and  the  rise  due  to  the  current  can  be  at  least  approximately  de- 
termined, so  that  resistance  calculations  can  be  made  accordingly. 

It  is  customary  to  specify  in  plans  and  contracts  that  copper  for 
electrical  purposes  shall  have  a  conductivity  not  less  than  98  per 
cent,  of  Matthiessen's  standard.  In  some  cases  only  96  per  cent 
is  required,  but  it  should  not  be  allowed  to  fall  below  this  limit,  as 
it  is  perfectly  practicable  to  obtain  copper  of  such  quality,  and  in- 
ferior grades  would  not  be  enough  cheaper  to  make  up  for  their 
lower  conductivity.  Allowance  should  be  made  for  this  fact  in 
calculating  the  resistance  of  conductors. 
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Tlu  drop,  or  lost  pressure  in  volts,  is  very  easily  and  definitely  de. 

termined  from  Ohin's  law,  by  changing  its  ordinary  form  I ^    -^ 

into  E=.  I R.  This  is  not  only  true  of  the  whole  circuit,  but  also 
applies  to  any  portion  or  branch  of  the  circuit,  and  ordinarily  it 
is  far  simpler  and  more  likely  to  avoid  errors  if  each  part  of  the 
circuit  is  considered  separately.  In  the  case  of  a  very  complicated 
electrical  system,  it  would  be  practically  out  of  the  question  to 
treat  the  circuit  as  a  whole,  but  it  is  always  possible  to  divide  the 
system  of  conductors  into  separate  lengths,  in  each  of  which  we 
can  determine  the  current,  the  resistance,  and  therefore  the  fall  of 
potential  which  takes  place.  In  most  practical  work  the  current 
is  given,  since  it  is  usually  known  how  many  lamps  or  how  much 
power  is  to  be  supplied.  It  then  becomes  necessary  to  calculate 
the  value  of  the  resistance  in  order  to  have  the  proper  value  for 
the  drop,  the  latter  being  assumed  or  fixed  by  the  conditions  in 
each  case.  The  common  idea  that  a  short  conductor  of  very  large 
diameter  has  no  appreciable  resistance  is  quite  fallacious.  For 
example,  a  bar  of  copper  one  foot  long  and  one  inch  in  diameter 
has  about  one  hundred- thousandth  part  of  an  ohm  resistance. 
While  this  may  be  a  negligible  amount  in  most  cases,  it  is  always 
perfectly  definite,  and  is  often  quite  appreciable.  Such  a  rod 
would  carry  one  thousand  amperes  with  a  drop  of  one  hundredth 
of  a  volt  between  its  ends,  or  ten  volts  per  thousand  feet,  which  is 
by  no  means  insignificant.  Bars  of  this  size  or  larger  are  often 
used  in  practice  carrying  correspondingly  large  currents,  hence  it 
is  not  safe  to  ignore  resistance,  even  in  the  case  of  very  large 
conductors. 

Lass  of  Energy.  The  second  objectionable  effect  which  resist- 
ance produces  in  electrical  distribution  is  the  loss  of  energy  which 
it  occasions.  This  loss  is  absolute,  and  must  always  occur  when- 
ever a  current  flows  though  a  resistance.  The  exact  value  of  this 
loss  is  given  by  the  expressions: 

Watts  lost  =I*R=E  I  =  -l 

in  which  /  is  the  current  in  amperes,  R  is  the  resistance  in  ohms, 
and  £13  the  drop  or  lost  pressure  in  volts,  being  applicable  either 
to  the  whole  circuit  or  to  any  part  of  it.  From  one  of  these  ex- 
pressions the  loss  of  energy  can  always  be  ascertained,  provided 
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any  two  of  the  three  quantities  are  known.  These  expressions  give 
the  loss  which  occurs  continuously  so  long  as  the  current  flows ; 
that  is,  it  is  the  rate  of  dissipation  or  enei^y  or  the  power  wasted. 
For  a  given  time  t  in  seconds — 

Loss  of  eatxgy  =:  I*  Rt  =  E  Ir  = - 

If  it  is  desired  to  convert  the  loss  of  energy  into  heat  units,  any 
of  the  above  values  may  be  multiplied  by  0.24,  since  one  watt- 
second  is  equal  to  0.24  of  a  gram-degree. 

This  loss  of  energy,  while  quite  considerable  in  almost  every 
electrifal  system,  usually  amounting  to  from  S  to  25  per  cent,,  is 
rarely  the  controlling  consideration  in  electric  hghting.  1\iedrop, 
which  has  already  been  considered,  and  the  lieating  limit,  which 
will  be  considered  later,  are  usually  of  more  consequence  than  the 
mere  waste  of  a  small  fraction  of  the  total  energy,  the  success  or 
failure  of  an  electric  lighting  plant  being  dependent  upon  keeping 
them  within  certain  limits. 

Economy  in  Design  of  Conductors.  In  many  cases,  particularly 
for  long-distance  transmission  in  contradistinction  to  local  distribu- 
tion, the  relation  between  the  first  cost  of  the  conductors  and  the 
energy  lost  in  them  may  be  a  matter  of  prime  importance.  This 
subject  was  first  attacked  in  1881  by  Lord  Kelvin,  who  read  be- 
fore the  British  Association  a  paper  on  "  The  Economy  of  Metal 
Conductors  of  Electricity,"  in  which  he  attempted  to  give  a  general 
solution  of  the  problem.  The  conclusion  reached  by  him,  and 
now  known  as  "  Kelvin's  Law,"  may  be  stated  in  the  following 
language :  The  most  economical  area  of  conductor  is  that  for 
which  the  annua!  interest  on  capital  outlay  equals  the  annual  cost 
of  energy  wasted.  In  other  words,  the  total  annual  expenditure 
for  interest  on  the  mvestment  and  energy  lost  on  the  line  is  a  mini- 
mum when  these  two  items  are  equal  to  each  other. 

The  importance  of  this  law  has  usually  been  greatly  overesti- 
mated, but  gradually  its  limitations  have  been  brought  out.  In 
1886  Professors  Ayrton  and  Perry  showed,  in  papers  before  the 
Society  of  Telegraph  Engineers  and  Electricians,  that  Kelvin'sLaw 
applies  only  in  certain  cases,  and  they  gave  various  modifications 
and  extensions  of  the  law.  Professor  Geoi^e  Forties  has  also  con- 
tributed to  this  subject  in  his  Cantor  Lectures  of  1885,*  in  which 
•London  EUclriHan,  VoU.  XV.  and  XVli  ^^  ^ 
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he  showed  that  the  portion  of  the  investment  which  is  not  propor- 
tional to  the  cross-section  of  the  conductor  should  be  kept  separate 
so  that  the  amended  law  becomes :  The  most  economical  area  of 
conductor  is  that  for  which  the  annual  cost  of  energy  wasted  ts 
equal  to  the  annual  interest  on  that  portion  of  the  capital  outlay 
which  is  proportional  to  the  area  or  weight  of  metal  used.  Professor 
William  A.  Anthony,  in  an  article  on  "  Economy  in  Conductors, 
and  the  Limitations  in  the  Applicability  of  Kelvin's  Law,"*  dem- 
onstrates that  in  some  cases  Kelvin's  Law  gives  absurd  results,  and 
may,  for  example,  require  that  all  of  the  energy  should  be  wasted  in 
order  to  secure  t/ie  higliest  economy.  This  is  due  to  the  fact  that  the 
minimum  expense  of  operationis  considered,  and  the  energy  deliv- 
ered at  the  end  of  the  line,  which  is  still  more  important,  is  entirely 
ignored.  In  fact,  a  great  many  laws  of  this  kind  can  be  deduced 
according  to  what  factors  are  considered.  Abbott  f  and  Kilgourif 
give  15  possible  combinations,  but  state  that  only  11  of  them  are 
likely  to  be  of  any  practical  importance,  Kelvin's  Law  being  only 
one  of  these  cases.  But  all  of  these  solutions  of  the  problem  are 
of  somewhat  doubtful  practical  value,  and  it  is  probably  true  that 
Kelvin's  Law,  or  any  modification  or  extension  of  it  that  has  yet 
been  brought  out,  has  done  far  more  harm  than  good  in  electrical 
engineering.  It  gives  a  false  confidence  in  the  results  of  calcula- 
tions which  may  be  totally  at  variance  with  real  commercial  econ- 
omy. The  reason  for  this  difHculty  lies  chiefly  in  the  fact  that  the 
actual  costs  of  some  of  the  items  cannot  be  expressed,  even  ap- 
proximately, as  mathematical  functions.  Furthermore,  various 
incidental  factors  and  particular  conditions  arise,  such  as  the  avail- 
able sizes  of  machines,  which  render  a  general  solution  of  this 
problem  of  little  practical  value. 

In  this  connection  it  is  a  common  mistake  to  forget  that  the  in- 
terest and  depreciation  on  the  investment  is  a  fixed  and  irretrie- 
vable expense,  while  the  energy  lost  on  the  conductor  depends 
upon  the  power  transmitted.  If  the  plant  is  lightly  loaded,  or  is 
shut  down  entirely,  owing  to  hard  times,  strikes,  etc.,  the  fixed 
chaise  runs  on  as  usual,  but  the  energy  loss  is  greatly  reduced,  or 
stopped  altogether.  Hence  it  is  not  wise  to  lay  the  full  amount  of 
copper  corresponding  to  the  maximum  or  even  ordinary  demands, 

•  EUdrieat  EKginetr.OeL  31,  1894. 
\  BUttrical  TranstaissioH  of  Entrgy,  p.  457. 
%  EUctriti.1  Tranimtttiint,  Loud.,  1893. 
VOL.  xvin^-8. 


D.g.tizecbvGoOgle 


102  7HE  QUARTERLY. 

as  there  is  no  control  over  the  investment  afler  it  is  oace  made, 
whereas  the  energy  loss  adjusts  itself  to  the  working  conditions. 

Probably  the  safest,  as  well  as  the  quickest,  method  to  arrive  at 
a  correct  result  would  be  to  obtain  a  general  solution  of  the  prob- 
lem by  means  of  some  form  of  Kelvin's  Law;  then  this  result 
should  be  carefully  checked  by  assuming  a  larger  and  also  a 
smaller  wire,  and  estimating  the  economy  that  would  be  secured 
if  they  were  substituted  for  the  size  of  wire  obtained  by  the  calcu- 
lation. The  difficulties  of  determining  the  various  items  of  ex- 
pense are  greatly  reduced  by  assuming  a  certain  size  of  wire,  and 
the  various  factors,  which  would  be  almost  impossible  to  cover  by 
a  general  formula,  immediately  become  de6nite.  Scientific  and 
rational  methods  should  always  be  preferred  to  empirical  ones, 
but  every  experienced  engineer  will  admit  that  when  complicated 
questions  of  cost  arise  it  is  unwise  to  rely  entirely  upon  general 
formulx.  Which  are  almost  necessarily  abstract  and  incomplete. 
The  attempt  to  force  science  beyond  its  legitimate  limits  has  done 
great  injury  to  many  industrial  enterprises  as  well  as  to  science 
itself. 

Current-Carrying  Capacity  of  Conductors.  The  third  objectionable 
effect  of  resistance  in  electrical  distribution  is  the  heating  which  it 
causes.  The  production  of  heat  in  an  electrical  conductor  has 
already  been  stated  in  terms  of  the  various  quantities  involved. 
This  heat  is  an  absolutely  definite  and  unavoidable  result  of  the 
flow  of  the  current.  Its  effect  is  to  raise  the  temperature  of  the  con- 
ductor, and  this  rise  continues  until  the  heat  lost  is  equal  to  the 
heat  generated ;  then  the  temperature  becomes  constant.  It  is  ob- 
vious, therefore,  that  any  electrical  conductor  is  only  capable  of 
carrying  a  certain  current  with  a  given  elevation  of  temperature, 
and  in  practical  work  the  allowable  temperature  is  limited  by  con- 
siderations of  injury  to  insulation,  danger  of  lire,  eta  No  exact 
general  rule  for  current  capacity  can  be  given,  as  much  depends 
upon  the  conditions  in  each  case.  But,  since  a  wide  margin  must 
be  allowed  between  the  danger  point  and  the  permissible  current 
capacity,  it  is  possible  to  establish  rules  which  are  somewhat  arbi- 
trary, but  sufficiently  safe  in  almost  any  case.  This  is  practicably 
the  basis  upon  which  tables  are  made  giving  the  current  that  it  is 
allowable  for  any  size  of  wire  to  carry.  These  tables  are  lai^ely 
the  results  of  experience,  but  can  be  arrived  at  more  or  less  accu- 
rately by  calculation. 


D.g.tizecbvGoOgle 


ELECTRICAL  DISTRIBUTION.  103 

The  following  are  standard  tables  of  maximum  current-carrying 
capacity  of  different  sizes  of  wire. 


i8s 
156 


Table  No.  i  is  based  upon  Kennelly's  experiments,  and  is  in- 
tended to  allow  a  rise  in  temperature  of  75  degrees  Fahr.  for  twice 
the  current  specified,  thus  allowing  aa  ample  factor  of  safety. 
The  normal  current -would  only  raise  the  temperature  about  19  de- 
grees Fahr.,  the  heating  effect  being  proportional  to  the  square  of 
the  current.  The  rules  of  the  National  Board  of  Fire  Under- 
writers permit  a  current  density  about  25  per  cent,  greater  than 
the  foregoing,  the  figures  being  given  in  Table  2.  This  would 
give  a  temperature  elevation  of  about  30  degrees  Fahr.,  and  would 
still  allow  a  considerable  increase  (about  60  per  cent.)  in  current 
above  the  normal  without  injurious  effects.  This  table  covers 
"  concealed  work,"  and  Table  3,  which  permits  a  stilt  greater  cur- 
rent density,  is  used  for  "  open  work." 

Series  Systems  of  Distribution, 
The  simplest  arrangement  of  lamps  or  other  devices  to  be  sup-* 
plied  with  electrical  energy  is  a  series  system,  in  which  the  current 
from  the  dynamo  D  passes  first  through  one  lamp,  L,  and  then 
through  another,  and  so  on,  as  shown  in  Fig  1.  In  such  cases  the 
current  is  usually  constant,  hence  the  expression  constant  current 
is  practically  synonymous  with  seties  in  electrical  distribution. 
The  term  high  tension  also  applies,  since  the  voltage  usually  em- 
ployed is  high,  being  equal  to  the  pressure  consumed  in  each  lamp 
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SERrEs  Arc  Circuit. 


multiplied  by  the  number  of  lamps.  For  example,  sixty  lamps  are 
commonly  placed  upon  a  single  arc-lighting  circuit  and,  since  each 
lamp  requires  fifty  volts,  it  follows  that  the  total  pressure  is  3,000 
volts.  The  problem  of  designing  or  studying  series  circuits  is  not 
difficult,  the  path  of  the  current  being  usually  simple,  and  the  cur- 
rent constant  throughout  the  circuit.  This  last  statement  is  only 
true,  however,  if  the  leakage  of  current  is  insignificant,  which  is 
generally  the  case  in  electric  light  and  power  distribution. 

Dishibuiion  of  Pole?itial  on  Series  Systems.  The  potential  on  a 
series  system  falls  throughout  the  circuit  in  direct  proportion  to 
the  resistance.  That  is  E~CR,  the  difference  of  potential  E  in 
volts  between  any  two  points  being  equal  to  the  product  of  the 
current  C  in  amperes  and  the  resistance  R  in  ohms.  This  sim- 
ple fact  completely  covers  any  possible  problem  that  can  arise  in 
connection  with  a  series  system,  provided  a  direct  current  is  used, 
and  is  easily  applied  in  almost  any  case.  In  Fig.  2  an  arc-lighting 
system  is  represented,  D  being  the  dynfimo  and  L,  L,  L  the  lamps, 
connected  in  series.  The  total  difference  of  potential  generated 
by  the  dynamo  is  1,000  volts,  measured  between  the  two  brushes 
marked  -f-  and  — .  This  potential  falls  as  the  current  traverses  the 
circuit,  fifty  volts  being  consumed  per  lamp.  This  is  made  up  of 
forty-five  volts  actually  used  in  the  lamp  itself  and  a  drop  of  five 
volts  on  the  conductor  between  two  lamps.  That  is,  the  drop  on 
the  line  wire  is  10  per  cent,  of  the  total  E.  M.  F.  The  relative 
potential  of  the  various  points  on  the  circuit  is  easily  found.  For 
example,  between  the  +  brush  and  the  middle  point  M  of  the  cir- 
cuit there  is  a  difference  of  potential  of  500  volts  and  the  same 
amount  between  the  middle  point  and  the  —  brush.  Similarly  any 
two  points  on  the  circuit  will  have  a  diflTerence  of  potential  equal 
to  fifty  volts  multiplied  by  the  number  of  lamps  between  them. 
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Personal  Danger  from  Series  Circuils.  If  a  man  standing  on  the 
ground  touches  a  very  highly  insulated  circuit,  only  a  very  slight 
current  will  pass  through  his  body,  but  if  the  insulation  is  low  or 
any  defect  exists  at  any  particular  point,  then  a  considerable  cur- 
rent may  flow  through  his  body.     In  Fig.  2  the  circuit  is  supposed 
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Pig.  3. — DisTKiBUTioN  of  Potential  on  Series  System. 

to  have  a  ground  connection  at  the  point  P.  This  will  cause  the 
potential  to  be  zero  at  that  point;  consequently  a  man  may  stand 
on  the  ground  and  touch  the  circuit  at  that  point  with  perfect  impu- 
nity. If,  however,  he  touches  the  wire  at  the  point  Q  he  will  re- 
ceive a  barely  perceptible  shock  due  to  100  volts,  since  there  are 
two  lamps  between  that  point  and  the  ground  connection ;  but  if 
the  circuit  is  touched  at  that  point  R  the  diflference  of  potential 
between  it  and  the  ground  connection  being  goo  volts  will  produce  a 
dangerous  or  perhaps  fatal  current.  When  the  defect  in  the  in- 
sulation does  not  amount  to  what  is  called  "  dead  ground,"  but  has 
a  resistance,  for  example,  .I,000  ohms,  then  a  man  touching  the 
wire  at  the  point  R  will  receive  a  shock  due  to  900  volts,  but  the 
resistance  of  the  ground  connection,  which  is  1,000  ohms,  will  be 
in  series  with  his  body,  and  consequently  the  current  will  be  less, 
and,  assuming  the  resistance  of  his  body  to  be  1,000  ohms,  the  cur- 
rent will  be  one  half  as  great  as  in  the  first  case.  If  the  ground 
connection  has  a  resistance  of  8,000  ohms  the  current  through  the 
900 

)0-(-I,0 

gerous.    We  may  sum  up  these  various  cases  as  follows : 

1.  A  very  highly  insulated  direct-current  electrical  circuit  may 
be  touched  at  any  one  point  without  danger  by  a  man  standing 
on  or  in  connection  with  the  ground. 

2.  If  a  ground  connection  exists  on  an  electrical  circuit  the 
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danger  of  touching  the  circuit  increases  directly  with  the  resistance 
between  the  ground  connection  and  the  point  of  contact. 

3.  The  resistance  of  the  ground  connection  is  in  series  with  the 
body  of  any  one  connected  with  the  ground  and  touching  the 
wire. 

4.  It  is  never  safe,  however,  to  assume  the  insulation  to  be  per- 
fect or  that  a  ground  connection  exists  at  some  particular  point, 
or  that  it  has  a  high  resistance.  The  circuit  should  always  be 
treated  as  if  the  most  dangerous  possible  conditions  existed. 

Regulation  of  Series  Systems.  The  condition  required  on  series 
circuits  is  usually  the  maintenance  of  a  constant  current.  This  is 
accomplished  by  designing  the  dynamo  so  that  it  will  automatically 
generate  a  nearly  constant  current  The  various  dynamos  used  in 
series  arc  lighting,  such  as  the  Brush,  Thomson- Houston  and 
Wood  machines,  are  well-known  examples  of  this  type  of  genera- 
tor. They  are  provided  with  regulating  devices,  which  either 
shift  the  brushes  or  vary  the  strength  of  the  field,  or  both,  in  order 
to  keep  the  current  at  a  constant  value.  In  addition  to  these 
special  regulators  such  machines  are  so  designed  that  they  have 
considerable  self-induction,  resistance  and  armature- reaction,  alt  of 
which  tend  to  prevent  the  current  from  rising  to  a  high  value, 
even  when  the  machine  is  short-circuited. 

Series  Arc-Lighting  System.  The  general  arrangement  of  the 
apparatus  and  circuit  is  represented  in  Fig.  i.  The  dynamo  and 
lamps  may  be  selected  from  the  various  well-known  andthoroughly 
successful  forms  of  constant- current  arc-lighting  apparatus.  The 
determination  of  the  size  of  wire  is  not  very  difficult.  General 
custom  and  considerations  of  strength  require  that  no  wire  smaller 
than  No.  8,  A.  W.  G.,  should  be  used.  Similarly  it  would  not 
usually  be  necessary  to  employ  a  conductor  larger  than  No.  4,  be- 
cause the  potential  being  high,  and  the  current  small,  the  loss  of 
energy  is  not  great  in  a  wire  of  several  miles  in  length.  To  take 
a  specific  case,  let  us  assume  a  circuit  five  miles  long,  supplying 
80  arc  lamps,  the  potential  being  4,000  volts  and  the  current  10 
amperes.  If  No.  6  wire  is  used,  the  resistance  would  be  2.1  ohms 
per  mile  or  10.5  ohms  for  the  whole  line.  This  involves  a  drop  of 
105  volts  and  a  loss  of  energy  of  1,050  watts,  which  is  only  2.63 
per  cent ;  consequently  it  is  evident  that  the  use  of  a  little  larger 
or  a  little  smaller  wire  would  not  seriously  alTect  the  economical 
working  of  such  a  line,  and  the  cost  of  copper  is  also  small.     The 
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substitution  of  No.  3  for  No.  6  wire  would  save  one-half  the  loss 
of  energy  and  the  cost  of  the  copper  would  be  doubled.  The 
enei^y  saved,  525  watts,  would  have  a  certain  value  per  annum, 
depending  upon  the  cost  of  coal  and  other  local  circumstances. 
The  lai^er  size  of  conductor  would  involve  a  certain  additional 
first  cost.  In  many  cases  the  larger  size  of  wire  might  secure  a 
saving  of  energy  greater  than  the  charge  on  the  increased  invest- 
ment ;  but  it  should  be  remembered  that  the  cost  of  laying  and 
repairing  the  larger  wire  would  be  considerably  greater,  and  its  un- 
sightltness  would  be  quite  a  drawback  in  the  case  of  overhead  con- 
ductors. It  is  therefore  very  doubtful  whether  it  would  pay  to 
put  up  the  larger  wire  simply  to  save  a  small  amount  of  energy, 
only  amounting  to  about  1.31  per  cent,  of  the  total  power  gener. 
ated. 

Series  Incandescent  Lamps  on  Arc  Circuits.  Several  forms  of  in- 
candescent lamps  have  been  designed  and  manufactured  for  use  on 
the  regular  lo-ampere  arc  circuits.  These  consist  of  lamps  similar 
in  general  principle  and  construction  to  those  used  for  constant 
potential,  parallel  distribution,  but  containing  a  shorter  filament  of 
larger  cross-section,  that  is  sufBciently  heavy  to  carry  the  full  cur- 
rent of  10  amperes. 

The  most  important  consideration  is  that  of  maintaining  the 
continuity  of  the  circuit  when  the  filament  of  any  lamp  happens 
to  break,  which  might  occur  at  any  time.  This  may  be  accom- 
plished by  some  form  of  cut-out,  which  short-circuits  the  lamp 
when  the  filament  is  broken.  One  type  of  this  device  is  called  a 
"  film  cut-out "  and  consists  of  a  thin  sheet,  /'",  of  paper  or  other 
material  interposed  between  the  points /"and /"connected  to  the 
conductors  A  and  B  which  enter  and  leave  the  lamp,  as  repre- 
sented in  Fig.  3.  This  film  obliges  the  current  to  pass  through 
the  lamp  so  long  as  the  filament  is  intact;  but  when  the  latter 
breaks  the  difference  of  potential  rises  from  its  ordinary  value  of 
10  or  20  volts  to  the  full  E.  M.  F.  of  the  circuit,  which  is  usually 
several  thousand  volts.  This  high  pressure  is  sufficient  to  punc* 
ture  the  film,  allowing  the  current  to  pass  directly  across  between 
the  points  /'and  P,  thus  short-circuiting  the  lamp  and  re-establish- 
ing the  continuity  of  the  circuit  In  some  cases  a  small  electro-mag- 
netic switch  is  employed,  which  is  caused  to  close  and  short-circuit 
the  lamp  by  means  of  a  magnet  connected  across  as  a  shunt  be- 
tween the  leads  of  the  lamp.     The  coils  of  this  magnet  are  of  high 
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resistance  and  carry  little  current  until  the  filament  is  broken, 
when  the  full  current  is  thrown  through  them,  causing  the  switch 
to  close. 


Fig.  3— Film  CutOitt 
FOR  Series -Incahop.s- 
CENT  Lamp. 

"  Munictpal "  Series  Incandescent  Systems.  These  are  similar  to 
the  preceding,  but,  instead  of  operating  with  a  regular  arc-lighting 
current  of  lO  amperes,  they  are  usually  designed  for  about  3  or  3.5 
amperes.  This  gives  a  filament  of  sufficient  length  and  cross- 
section  to  be  durable,  and  yet  does  not  require  excessively  large 
leading-in  wires.  The  lamps  are  made  of  various  sizes,  requiring 
about  one  volt  per  candle  power.  The  practice  with  this  system 
is  to  feed  the  circuit  with  a  constant  potential,  usually  1,000  volts. 
When  the  filament  of  a  lamp  breaks  and  it  is  automatically  cut 
out  of  the  circuit  the  current  increases  in  strength  since  the  total 
resistance  is  reduced,  the  potential  remaining  constant,  lliis  in- 
crease of  current  is  indicated  by  an  ampere  meter,  or  by  the 
brightening  of  a  lamp  in  the  station,  and  is  corrected  and  brought 
back  to  its  normal  value  by  switching  in  an  extra  lamp  at  the 
station.  This  is  usually  done  by  an  attendant  who  is  kept  on  duty 
to  watch  the  various  circuits.  The  system  is  rather  a  crude  one, 
and  is  rarely  used  except  for  street  lighting  in  place  of  arc  lights 
where  the  more  powerful  light  of  the  latter  is  not  required.  Sev- 
eral of  these  circuits  may  be  operated  from  the  same  dynamo,  all 
of  them  being  supplied  with  the  same  potential.  Either  the  direct 
or  alternating  current  is  applicable  to  this  method  of  distribution, 
and  both  are  in  actual  use.  The  dynamo  is  designed  to  yield  a  con- 
stant potential  of  a  given  value,  being  equal  to  the  sum  of  the 
voltages  required  by  the  lamps  of  each  circuit.  The  current  ca- 
pacity of  the  dynamo  must  be  sufficient  to  supply  the  various  cir- 
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cuits  in  parallel.  A  shunt  or  compound  wound  direct  current  ma- 
chine, or  a  separately  excited  or  composite  alternator,  would  be 
suitable  to  the  purpose.  In  the  case  of  the  compound  or  com- 
posite machines  they  should  simply  give  an  absolutely  constant 
potential,  since  the  number  of  lamps,  and  therefore  the  drop,  on 
-each  circuit  is  constant. 


THE  MODERN   DOME. 

By  a.  D.  F.  HAMLIN. 

As  the  broad  dome  of  the  new  library  of  the  University  rises 
-daily  higher  above  the  surrounding  mass,  the  value  and  beauty  of 
this  feature,  both  as  a  part  of  the  structure  it  crowns  and  as  an  ele- 
ment in  the  landscape,  becomes  increasingly  apparent.  A  short 
-distance  away  in  one  direction  the  cupola  of  St,  Luke's  Hospital 
challenges  attention  by  the  contrast  which  its  more  slender  and 
loftier  proportions  offer  to  the  profile  of  the  library  dome;  while 
to  the  northwest  the  great  conical  roof,  covering  the  dome  of  the 
■Grant  mausoleum,  furnishes  a  third  variation  on  the  theme  of  the 
dome  as  an  external  feature.  The  three  together  introduce  into 
the  landiicape  silhouette  a  much-needed  element.  Hitherto 
spires,  tall  office  buildings  and  chimneys  liave  furnished  almost 
the  only  varieties  of  upward  breaks  in  the  profile  of  New  York, 
which  has  been  singularly  lacking  in  interesting  outlines,  es- 
pecially in  the  uptown  region. 

The  use  of  the  dome,  as  a  commanding  feature  of  external  design, 
is  an  essentially  modern  idea  in  European  and  Western  architecture. 
Neither  the  Romans  nor  the  Byzantine  builders,  who  made  of  the 
hemispherical  vault  one  of  the  most  important  elements  in  their 
architectural  design,  attempted  to  give  it  any  importance  as  an  ex- 
ternal feature.  The  dome  of  the  Pantheon  at  Rome  (i  19  A.  D.)  is 
-externally  almost  invisible  from  the  ground,  except  at  a  great  dis- 
tance. That  of  Hagia  Sophia  at  Constantinople,  the  masterpiece 
-of  Byzantine  art,  dating  from  556,*  however  impressive  by  its  size, 
has  absolutely  nothing  to  suggest  that  its  designers  gave  any 
thought  to  its  exterior  aspect.     The  five  domes  of  St.  Mark's  at 

*  The  original  dome,  built  531-538  A.  D.,  Tetl  io  during  an  earthquake,  and  was  re- 
built about  556  A.  D.,  with  a  fuller  curve. 
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Venice  required,  to  please  the  taste  of  the  fifteenth  century  and  to 
bring  them  into  some  harmony  with  the  splendor  of  the  facade, 
the  addition  over  them  of  the  present  wooden  and  lead-covered  cu- 
polas, which  date  from  the  fifteenth  century.  The  exterior  treat- 
ment of  the  domes  of  St.  Front  at  Perigueux  (1047)  is  a  modern 
addition,  and  all  the  great  domes  of  Italian  churches  and  bap- 
tisteries erected  previous  to  the  Renaissance,  are  either  utterly  in* 
significant  to  external  view,  or  covered  by  wooden  domes  or 
masked  by  tower-like  edifices,  wholly  unrelated  to  the  form  or 
structure  of  the  vault  beneath  them.  Even  the  thousand  domes 
of  Constantinople,  striking  and  effective  in  their  aggregate  eflect 
upon  the  silhouette  of  that  marvelous  city,  are  individually  com- 
monplace and  bare  externally. 

The  earliest  examples  we  have  of  the  dome  treated  as  an  ele- 
ment in  the  exterior  decorative  .efTect  of  an  architectural  design, 
appear  to  be  those  erected  by  the  Arabs  in  northern  Africa,  chiefly 
in  Cairo,  during  the  closing  years  of  the  Fatimite  dynasty,  as  in  the 
mosque  of  Barkouk  (1149  A.  D.);  and  during  the  Ayub  dynasty,  as 
in  the  great  MarisCan  Kalaoun(  1284-13 18)  and  the  benutiful  tombs 
of  the  Karafah.  This  use  of  the  dome  was  associated  almost  ex- 
clusively with  the  idea  of  sepulture  and  was  a  natural  consequence 
of  the  purpose  which  dictates  the  erection  of  a  mausoleum,  namely, 
that  of  proclaiming  to  the  world,  by  the  external  splendor  of  the 
monument,  the  honor  of  the  distinguished  dead  interred  within. 
These  Arabic  domes  are  accordingly  given  great  height  in  pro- 
portion to  their  diameter ;  and  by  the  refined  and  subtle  curvature  of 
their  profiles,  as  well  as  by  the  extraordinary  richness  of  thetr  sur- 
face decoration,  they  produce  a  most  striking  architectural  efTect, 
not  easily  surpassed  in  its  way.  All,  or  nearly  all  of  the  domical 
mosques  of  Cairo,  are  tomb-mosques,  erected  to  commemorate 
deceased  Khalifs  whose  sarcophagi  are  placed  within  the  mosque 
enclosure  or  even  under  the  lofty  dome.  But  these  domes,  thus 
designed  for  external  effect,  present  internally  little  of  the  appear- 
ance of  the  dome  as  used  by  the  Roman  and  Byzantine  builders. 
Their  small  diameter  and  great  height  suggest  rather  the  effect  of 
"  lanterns,"  such  as  the  Gothic  builders  of  France  and  England 
were  wont  to  erect  over  the  crossings  of  their  great  churches,  as  in 
St.  Ouen  at  Rouen.  The  simple  majesty  of  the  broad  hemispheri- 
cal vault  is  wholly  wanting,  and  its  place  is  taken  by  the  sump- 
tuousness  of  complicated  and  minute  decoration  by  "  stalactite  "  or- 
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nament,  gilding  and  color.  There  was  no  attempt  to  combine  in 
one  design  the  conflicting  conceptions  of  the  broad,  simple  hemi- 
spherical vault  of  low  curvature  for  interior  effect,  and  the  narrow 
lofty  profile  required  for  external  impressiveness. 

11. 

This  conflict  between  the  demands  of  internal  and  external  effect 
is  the  crux  of  dome  design.  It  is  this  difficult  and,  at  first  sight, 
insoluble,  problem  which  the  architects  of  the  Renaissance  in 
Italy  undertook  to  solve.  It  is  the  recognition  of  this  problem, 
and  the  way  in  which  it  was  handled,  that  distinguish  Brunel- 
leschi's  dome  of  the  Cathedral  of  Florence  (1420-1464)  as  the 
initial  triumph  of  the  new  taste  in  architecture,  quite  as  much  as 
its  marvelous  structural  design  and  execution.  The  mighty  octag- 
onal vault,  143  feet  in  diameter,  rises  internally  to  a  height  of 
nearly  280  feet,  not  counting  the  lantern.  It  is  constructed  with 
an  inner  and  an  outer  shell,  connected  by  eight  major  and  sixteen 
minor  ribs;  the  exterior  profile  being  slightly  steeper  and  more 
acute  than  the  interior.  The  whole  is  crowned  by  a  lofty  lantern. 
This  last  feature  is  the  peculiar  glory  of  the  design.  The  small 
finials  which  terminate  the  Arab  domes  are  an  insignificant  and 
trivial  capping  for  the  structure  beneath.  The  Italian  recognized 
the  necessity  of  an  adequate  and  richly  decorative  feature  to 
gather  up  the  lines  of  the  eight  angle-ribs  of  the  exterior  dome, 
and  to  Btly  crown  its  imposing  mass.  Thenceforward  no  impor- 
tant dome  was  erected  in  Italy,  or  indeed  in  Europe,  without  this 
feature  until  within  a  comparatively  recent  period. 

But  the  problem  of  reconciling  the  conflict  between  the  de- 
mands of  external  and  internal  effect  was  not  solved.  Impressive 
as  the  Florentine  dome  is  by  its  vastness  and  height  internally, 
the  effect  it  produces  is  unsatisfactory.  It  is  too  high  and  too 
dark;  it  overwhelms  and  crushes  the  interior  architecture  ol  the 
nave  and  chapels  below.  The  low-curved  dome  of  Hagia  Sophia, 
which  is  but  107  feet  in  diameter,  and  only  180  feet  high,  is  far 
more  impressive.  Nor  is  the  exterior  of  Brunelleschi's  dome 
satisfactory.  Its  bareness,  heaviness  and  size  are  wholly  out  of 
scale  with  the  cathedral  to  which  it  was  added.  But  it  initiated  a 
series  of  experiments  in  dome-building  which  covered  Italy  with 
splendid  monuments.  The  dome  became  the  leading  feature  of 
Italian  Renaissance  church-design,  controlling  the  plan  almost  as 
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completely  as  did  the  vaulting  in  the  development  of  Gothic  archi- 
tecture. The  only  possible  principle  to  be  applied  to  the  problem 
was  finally  discovered  and,  during  the  seventeenth  and  eighteenth 
centuries,  was  universally  recognized.  It  is  the  domes  built  on 
this  principle  which  alone  redeem  a  majority  of  these  late  Italian 
churches  from  the  utter  badness  of  their  vulgar  details. 

This  principle  was  the  recognition  of  the  impossibility  of  meet' 
ing  both  the  demands  of  the  problem  by  one  and  the  same  struc- 
ture. Accordingly  there  was  provided  for  interior  effect  a  dome 
of  moderate  height  and  low  curvature,  in  scale  with  the  treatment 
of  the  nave  and  choir,  and  not  too  lofty  to  be  reached  over  its 
whole  surface  by  the  direct  or  diffused  light  which  pervaded  the 
church.  Outside  and  above  this  rose  a  drum,  decorated  with  pilasters 
or  engaged  columns,  and  carrying  an  entirely  independent  external 
dome.  This  was  in  many  cases  of  wood  covered  with  lead  or  tile, 
and  bore  a  graceful  lantern,  also  of  wood.  Nearly  all  the  Italian 
churches  erected  subsequently  to  the  middle  of  the  sixteenth  cen- 
tury are  adorned  with  domes  on  this  plan. 

It  must  be  evident  that  once  the  principle  is  recognized  of  Ae 
separation  of  the  inner  and  outer  domes  it  becomes  difficult,  if  not 
impossible,  to  set  limits  to  that  separation.  The  two  surfaces  have 
become  independent  structures,  whose  form  and  design  are  con- 
trolled by  wholly  distinct  and  diverse  considerations.  The  inner 
dome  may  be  made  as  low  as  possible,  consistently  with  good 
architectural  effect.  The  outer  dome  may  be  lifted  a  hundred  or 
two  of  feet  higher  into  the  air,  in  order  the  better  to  clear  the  mass 
of  the  surrounding  structure  when  seen  in  perspective  from  below. 
The  two  domes  may  be,  and  generally  are,  of  different  materials. 
The  lower  one  may  be  of  masonry — a  true  hemispherical  or  domi- 
cal vault — the  upper  one  of  wood  or  iron,  serving  as  a  decorative 
roof  to  cover  and  protect  the  vault  below.  The  only  considera- 
tions which  control  both  alike  are  the  fact  that,  as  they  are  usually 
carried  upon  the  same  substructure  of  piers  and  arches,  they  must 
be  of  approximately  the  same  diameter ;  and  that  they  naturally 
offer  to  view  the  same  architectural  style  and  scale  of  parts.  Be- 
yond this  there  is  no  closer  relation  between  them  than  that  be- 
tween the  central  spire  or  lantern  of  a  Gothic  church  and  the  vault- 
ing beneath  it  over  the  crossing  of  nave  and  transepts.  The  one,  in 
each  case,  is  a  ceiling,  the  other  a  roof.  There  is  no  absolute  rea- 
son, in  logic  or  aesthetics,  why  both  should  have  similar  forms;  and 
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the  French  Gothic  builders,  the  most  severely  logical  of  all  artistic 
builders  in  the  development  of  their  architectural  forms,  found  no 
contradiction  or  want  of  sense  whatever  in  putting  a  lofty  and  ta- 
pering spire  as  a  decorative  roof  over  the  vaulted  ceiling  of  the 
bell  chamber  in  a  church  tower,  nor  in  rearing  above  the  intersec- 
tion of  the  nave  and  transepts  a  lofty  square  or  octagonal  lantern, 
two  hundred  feet  high.  The  reproach  sometimes  cast  upon  the 
Renaissance  architects  of  the  complete  separation  of  the  outer  froni 
the  inner  dome  in  the  later  examples  is  therefore  a  purely  abstract 
and  speculative  objection,  which  does  not  bear  the  test  of  careful' 
examination  or  of  practical  and  artistic  considerations.  For,  since 
it  is  in  almost  all  cases — in  all  cases  of  long,  wide  or  complex  build- 
ings— impossible  to  make  a  dome  well-designed  for  interior  effect 
also  effective  externally,  and  since  the  external  accentuation  of  the 
very  important  space  or  rotunda  covered  by  the  inner  dome  is 
artistically  proper  and  even  imperative,  the  only  logical  course  is 
to  consider  the  two  requirements  independently.  The  use  of  a. 
domical  form  for  the  outer  covering  is  3  matter  of  artistic  expe- 
diency, not  necessity. 

This  principle  seems,  indeed,  so  obvious  that  one  is  constrained 
to  wonder  at  the  tardiness  of  its  recognition  by  the  designers  of 
the  Renaissance.  Michael  Angelo,  in  the  middle  of  the  sixteenth 
century,  failed  to  realize  its  importance.  The  dome  of  St.  Peter's 
as  designed  by  him  is  far  too  lofty  internally.  Externally  it  is  one 
of  the  most  original,  noble  and  stupendous  creations  of  architec- 
tural art  in  any  age.  Its  vast  size — 195  feet  in  diameter  over  all, 
through  the  bases  of  the  engaged  columns — its  fine  profile  and 
well  proportioned  lantern,  and  the  masterly  handling  of  scale  in 
its  various  parts,  all  reveal  the  work  of  genius.  But  the  inner  and 
outer  shell  are  too  close  to  each  other  for  the  best  internal  effect. 

It  was  the  French  architects  of  the  last  century  who  most  com- 
pletely developed  the  principle  outlined  above,  while,  at  the  same 
time,  they  attacked  the  difficult  problem  of  lighting  the  internal  dome 
so  as  to  give  effect  to  the  paintings  which  adorned  it.  This  was 
accomplished  by  a  device  of  great  ingenuity,  somewhat  theatrical 
perhaps,  but  very  successful.  An  intermediate  dome  was  intro- 
duced and  decorated  with  a  large  painting  in  the  upper  part.  The 
inner  dome  was  open  at  the  top,  the  opening  so  proportioned 
as  to  frame  the  painting  above  it  for  the  eye  of  the  spectator  on 
the  floor  &r  below.    The  base  of  the  intermediate  dome  was  pierced 
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with  openings,  admitting  light  from  the  windows  in  the  drum  of 
the  exterior  or  upper  dome.  This  light  reflected  upward  from 
the  convex  outer  surface  of  the  lower  dome  sufficed  to  light  up 
amply  the  picture  above,  which,  seen  from  the  floor,  appeared  as  if 
painted  on  the  inaer  dome,  the  distance  between  the  surfaces  being 
so  foreshortened  as  to  be  hardly,  if  at  all,  perceptible. 

This  is  the  system  first  devised  by  Jules  Hardouin  Mansart  in 
the  Dome  des  Invalides,  Paris  (1680),  and  adopted  in  modified 
form  by  Soufflot  in  the  church  of  Ste.  Genevieve  (afterwards  called 
the  Pantheon)  in  1754.  The  dome  over  the  Rotunda  in  the  Capi- 
tol at  Washington  is  treated  in  the  same  way. 

The  lantern  presented  another  serious  difficulty.  When  the 
outer  dome  is  of  wood  it  becomes  necessary  to  make  the  lantern 
also  of  wood,  unless  some  means  be  found  of  supporting  the  heavy 
weight  of  a  stone  lantern  without  loading  it  upon  the  inner  dome. 
This  latter,  owing  to  its  relatively  low  curvature  and  the  great  height 
and  weight  of  the  intermediate  tower  required  to  reach  the  top  of 
the  outer  dome  before  the  lantern  itself  appears,  is  manifestly  ill 
adapted  to  sustain  the  lantern.  A  wooden  lantern,  even  treated  with 
the  elegance  which  characterizes  that  of  the  Invalides,  is  unsatis- 
factory ;  it  is  at  best  a  counterfeit  or  a  travesty  of  a  structure  in 
stone. 

The  first  solution  of  this  problem,  by  which  a  stone  lantern  was 
made  possible  without  regard  to  the  material  of  the  exterior  dome, 
was  that  devised  by  Sir  Christopher  Wren  in'St.  Paul's  Cathedral 
(167S-1710).  Here  a  cone  of  brickwork  rises  from  the  circle 
formed  by  the  meeting  of  the  eight  pendentives,  forms  a  contract- 
ing drum  for  the  inner  dome  which  it  supports  and  envelopes,  and 
rises  above  it  to  form  the  base  of  a  handsome  stone  lantern.  The 
wooden  exterior  dome  closes  around  the  top  of  the  cone  and  base 
of  the  lantern. 

The  difficulty  in  this  case,  aside  from  possible  objection  to 
the  inclined  conical-fustum  shape  of  the  inner  drum,  is  that  the 
stone  lantern  looks  as  if  it  were  carried  by  the  wooden  external 
dome  or  roof,  which  is  suggestive  of  an  impossibility  or  at  least 
an  absurdity.  In  the  Pantheon  at  Paris,  Soufflot  remedied  this 
by  making  the  outer  as  well  as  the  inner  shell  of  stone,  and 
substituting  for  Wren's  brick  cone  a  structure  of  parabolic  or 
ovoid  section,  also  of  stone,  enveloping  the  inner  shell,  which 
was  open  at  the  top,  and  closing  over  it  at  a  considerable  height 


D.g.tizecbvGoOgle 


THE  MODERN  DOME.  115 

with  a  domical  surface  on  which  was  the  painting,  lighted  through 
four  great  arches  cut  through  this  ovoid  structure.  The  height 
and  steep  curvature  of  the  latter  adapted  it  for  the  support  of  the 
lantern.  The  combined  weight  of  the  three  shells,  all  of  masonry 
beautifully  cut,  and  made  as  thin  and  light  as  possible,  is  neverthe- 
less  enormous,  and  the  original  piers  began  to  yield  to  the  terrible 
strain,  by  splintering  and  cracking.  The  resulting  worry  and 
anxiety  probably  hastened  the  death  of  the  architect  in  1781. 
Isabelle  strengthed  the  piers,  enlarging  their  section,  and  there  has 
been  no  trouble  since. 

III. 

So  far  we  have  briefly  considered  the  dome  as  a  true  vault  of 
stone  or  brick.  It  was  inevitable,  however,  that  the  architects  of 
the  Italian  and  later  of  the  French  Renaissance,  preoccupied  as 
they  were  with  beauty  of  form  rather  than  with  questions  of  struc- 
tural logic,  should  in  time  enter  upon  a  path  leading  to  develop- 
ments in  which  appearances  alone  would  be  considered,  with  all 
the  resulting  temptation  to  sham  and  meretricious  display.  It  is 
a  principle  universally  observable  in  the  history  of  style  develop- 
ment, that  forms  originating  in  structural  design,  come  in  time  to  be 
used  in  a  purely  decorative  way,  their  original  significance  being 
entirely  lost  So  it  came  to  pass  with  the  dome.  Originating  as 
a  convenient,  economical  and  effective  form  of  vaulting  in  ma- 
sonry, it  was  treated  by  the  architects  of  the  Renaissance  as  a  dec- 
orative ceiling,  valuable  for  the  sake  of  its  form  and  architectural 
effect,  whether  built  as  a  vault  or  not.  With  the  extraordinary 
development  of  decoration  in  stucco  and  plaster,  which  marked  the 
sixteenth  century,  and  which  in  the  seventeenth  and  eighteenth 
degenerated  into  a  vulgar  abuse,  the  practice  crept  in  of  executing 
panelled  ceilings  in  lath  and  plaster,  and  then  of  imitating  vaulted 
ceilings  in  the  same  material  on  a  timber  framing.  It  was  the 
spread  of  carpentry  in  architecture  that  doubtless  led  to  the  adop- 
tion of  exterior  domes  or  shells  of  wood,  and  thus  made  possible  the 
wide  separation  of  the  two  shells  already  explained.  In  the  process 
of  time  the  inner  shell,  and  often  the  entire  "vaultii^"  (so  called) 
of  a  church  or  public  building  came  to  be  executed,  in  the  majority 
of  cases,  in  timber  and  plaster  instead  of  masonry.  This  cheap 
and  showy  style  of  construction  spread  through  Europe  and,  though 
it  never  quite  drove  out  true  vaulting,  it  prepared  the  way  for  the 
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iron-frame  construction  of  a  later  day.  It  was  the  experience 
gained  in  the  heavy  carpentry  of  big  roofs  and  of  tlie  trusses  re- 
quired for  plaster  ceilings,  vaults  or  domes  of  lai^e  span  that  made 
possible  the  use  of  metal  trusses  when  iron  became  cheap  enough 
and  its  manipulation  sufficiently  advanced  to  permit  of  such  appli- 
cations. One  of  the  earliest  and  largest  of  metal  domes  was  that 
of  the  Cathedral  of  St.  Isaac's,  at  St.  Petersburgh  (1818-1858),  in 
which  the  framework  is  composed  of  sections  of  cast  iron.  But 
the  use  of  iron  for  domes  has  in  Europe  been  mainly  confined  to 
museums  and  exhibition  buildings,  while  those  for  monumental 
public  buildings  of  other  kinds  have,  for  the  most  part,  continued 
to  be  built  of  masonry. 

IV. 
The  United  States  inherited  the  structural  and  artistic  traditions 
of  Great  Britain,  where  lath  and  plaster  were  even  more  abused 
than  on  the  Continent.  The  forests  of  oak  and  pine  of  the  New 
World,  and  the  lack  of  roads  and  facilities  for  transporting  or 
handling  stone,  naturally  resulted  in  carrying  to  further  extremes 
the  substitution  of  wood  for  masonry  and  brick.  Until  the  colo- 
nies became  independent  there  was  little  opportunity  for  public 
secular  architecture ;  but  the  closing  decade  of  the  last  century 
witnessed  the  erection  of  one  monument  and  the  beginning  of  an- 
other, which  were  destined  to  exercise  a  remarkable  influence  on 
our  public  architecture.  These  were  the  Massachusetts  State 
House  by  Bulfinch  and  the  National  Capitol,  in  which  Bulfinch 
had  at  least  a  share.  In  both  of  these  edifices  an  exterior  dome 
was  intended  to  form  the  chief  crowning  feature,  and  the  one  in 
Boston  was  executed  in  wood  at  an  early  date.  It  was  (and  still 
remains  in  its  original  form)  a  perfectly  smooth  and  somewhat 
lofty  cupola  with  a  lantern,  but  wholly  unrelated  to  the  interior 
plan  of  the  structure  it  crowned.  That  at  Washington  was  perhaps 
intended  to  be  of  stone ;  it  was  comparatively  low  and  covered 
the  circular  rotunda  which  has  always  formed  the  grand  vestibule 
of  the  Capitol,  With  the  extension  of  the  Capitol  by  the  north  and 
south  wings  a  more  monumental  central  feature  became  necessary 
externally  and  the  present  magnificent  dome  was  erected.  It  is,  in 
spite  of  its  counterfeiting  of  marble  by  a  sham  architecture  of  cast 
iron,  a  very  imposing  and  successful  creation,  so  far  as  its  design 
and  proportions  are  concerned;   but  one  cannot  help  regretting 
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the  necessity,  whether  structural  or  economic,  of  so  poor  a  material 
for  the  carrying  out  of  so  noble  a  design. 

Ever  since  the  inception  of  these  two  legislative  palaces  a  dome 
seems  to  have  been  considered  an  indispensable  feature  of  any 
and  ^vtrf  State  House,  and  city  halls  and  court  houses,  custom 
houses  and  town  halls  have  been  erected  by  the  score  and  hun- 
dred, adorned  with  cupolas  and  domes  of  varying  degrees  of  excel- 
lence in  design.  The  majority,  indeed  almost  all,  have  been  built 
of  wood  or  iron.  A  true  masonry  dome  has  apparently  been 
beyond  the  abilities  of  our  architects  or  the  purses  of  the  gities  or 
States  which  have  employed  them,  or  both.  Wood,  lath  and 
plaster  are  perishable,  easily  become  shabby,  are  subject  to  decay 
and  inconstant  danger  from  fire;  but  they  are  cheap  and  light, 
and  can  be  built  on  almost  any  plan  or  foundation  with  the  help 
of  posts  and  trusses.  They  look  for  a  time  as  well  as  stone;  the 
silhouette  is  just  as  effective ;  hence  the  vast  number  of  these 
cheap  but  attractive  shams.  There  are  a  few  exceptions.  The 
domes  over  the  rotundas  of  the  custom  houses  at  New  York  and 
Boston  are  true  vaults  of  granite,  designed  wholly  for  interior 
effect.  The  great  dome  of  the  Low  Library  is  a  genuine  vault  of 
brick  masonry,  of  the  most  solid  and  ingenious  construction.  The 
Connecticut  Capitol  at  Hartford  has  a  lofty  dome  of*white  marble 
gilded,  as  its  chief  exterior  adornment,  having  no  relation  what- 
ever to  the  exigencies  of  the  plan.  There  are  other  examples 
here  and  there  of  true  masonry  domes,  but  they  are  few  and  far 
between. 

Since  iron  has  become  so  cheap  in  the  United  States  it  has  be- 
gun to  drive  out  wood  in  framed  structures  of  any  importance. 
Comparatively  few  large  domes  have  been  erected  of  late  years 
otherwise  than  with  an  iron  framework,  finished  internally  with 
wire  lathing  and  plaster.  This  is  reasonably  fireproof  and  more 
durable  than  any  wooden  construction,  but  it  is  at  best  a  counter- 
feit; and,  though  such  counterfeits  always  have  been  and  always 
will  be  inevitable  features  of  the  history  of  architectural  develop- 
ment, one  <^nnot  help  regretting  that  they  should  so  frequently 
take  the  place  of  the  nobler,  if  more  expensive,  masonry.  For 
such  lofty  and  tower-like  decorative  cupolas  as  that  on  St.  Luke's 
Hospital  the  use  of  metal  is  more  tolerable.  What  is  really  to  be 
hoped  for  as  the  next  stage  of  evolution  is,  however,  the  develop- 
ment of  some  combination  of  metal  framework  with   fillings  of 
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terra-cotta,  brick  or  stone,  which  shall  in  its  style  of  design  more 
frankly  accord  with  the  character  of  the  materials  than  any  mere 
imitation  of  stone.  The  dome  of  St.  Augustin,  Paris,  is  con- 
structed of  such  a  combination,  and  is  fairly  successful.  It  is  pre- 
cisely  the  same  principle  which  Mr.  Haight  adopted  with  such 
happy  results  in  the  iron  and  terra-cotta  ceiling  of  the  present 
library  of  the  University,  There  are  great  artistic  possibilities  as 
yet  undeveloped  in  such  a  combination. 


The  great  dome  of  the  new  library  marks  another  stage  and 
another  branch  of  dome-design,  both  curious  and  interesting. 
From  the  point  of  view  of  construction  it  reveals  a  distinct  advance 
in  the  direction  of  sound  and  solid  building.  As  a  design  it  illus- 
trates the  rather  singular  and  sudden,  and  very  American,  popu- 
larity or  vogue  of  the  low-crowned  dome  as  an  external  feature. 
In  a  considerable  number  of  recent  buildings  the  effort  has  been 
made  to  secure  architectual  etTcctiveness  externally  with  a  dome 
of  low  curvature  fitted  to  the  interior  requirements.  The  begin- 
ning of  this  sudden  popularity  of  an  architectual  idea  which  is  as 
yet  far  from  complete  or  quite  satisfactory  development  can  be 
traced  to  the  Columbian  Exposition  of  1893.  There  it  appeared 
in  the  works  of  two  different  architects,  in  the  Art  Palace  of  Mr. 
Atwood  and  the  Agricultural  Hall  of  McKim,  Mead  and  White, 
besides  a  number  of  minor  buildings.  Its  prototype  is  evidently 
the  Roman  Pantheon,  whose  vast  hemispherical  vault  appears  ex- 
ternally as  a  low  dome  rising  but  slightly  above  three  encircling 
steps  which  serve  to  load  the  haunches  against  upward  buckling. 
This  dome,  however,  is  almost  invisible  from  the  square  in  front. 
The  modern  examples  are  given  a  higher  curvature  and  decorated 
with  ribs,  decorative  scales  or  tiles,  and  crowned  sometimes  with  a 
group  of  sculpture  or  a  rich  finial. 

The  obvious  drawback  to  this  treatment  is  its  ineffectiveness  at 
a  near  approach  and  its  inapplicability  to  cruciform  or  complex 
buildings,  whose  projections  inevitably  hide  from  view  any  hut  a 
lofty  dome,  except  to  a  spectator  at  a  great  distance.  In  build- 
ings of  moderate  lateral  extension  or  of  moderate  relative  height 
the  objection  does  not  hold  to  the  same  degree.  The  new  library 
is  so  proportioned,  and  the  arms  of  the  cross  are  so  shallow,  that 
the  dome  will  come  in  view  to  the  spectator  at  a  comparatively 
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short  distance.  Tlie  building  is  isolated  and  crowns  a  height,  so 
that  it  is  visible  for  miles  around ;  and  these  conditions  are  all 
fovorable  to  the  best  effect  for  a  dome  of  this  character,  later- 
aally  it  forms  a  monumental  and  imposing  ceiling  for  the  very  lofty 
reading  room.  Its  exterior  treatment  is  so  simple  as  to  suggest 
that  more  thought  was  given  to  its  effect  as  a  feature  in  the  sil- 
houette of  the  group  of  buildings  than  to  its  decorative  effect  at  a 
near  view.  Externally  it  dominates  and  gathers  together  the 
masses  of  the  edifice  and  by  its  swelling  curve  compensates  for 
the  somewhat  severe  simplicity  of  those  masses.  What  it  most 
lacks  as  a  decorative  feature — which  indeed,  as  I  have  just  said,  it 
seems  hardly  to  have  been  intended  primarily  to  be — is  the  accent 
and  interest  of  a  lantern.  But  a  lantern  is  a  very  difficult  thing  to 
treat,-  if  not  to  construct,  on  so  low  curved  a  dome  ;  and  the  lack, 
if  it  be  a  defect,  this  dome  must  share  with  all  others  of  its  class. 


UNDULATIONS  IN  RAILWAY  TRACKS. 

By  p.  H.  DUDLEY. 

As  my  Track  Indicator  runs  over  the  road  at  20  miles  per  hour, 
under  the  6,500-lb.  wheel  loads  and  for  the  u-foot  wheel  base  of 
the  special  6-wheel  truck,  both  rails  are  made  to  autographically 
indicate  their  own  condition  as  to  surface,  due  to  the  rails,  ties, 
ballast,  road-bed  and  labor.  The  car  containing  the  Indicator  is 
58  feet  long  and  weighs  72,000  pounds. 

A  study  of  the  original  diagrams  of  the  track  from  various  roads 
taken  many  years  ago  indicated  at  once  that  the  undulations  in 
lailway  tracks  under  moving  trains  were  of  two  kinds,  viz: 

1.  Those  which  were  due  to  the  permanent  set  of  the  rails. 

2.  The  deflections  of  the  rails  and  ties  and  the  depressions  of 
the  ballast  and  road-bed  until  the  total  resistance  equals  the  load. 

The  permanent  set  in  the  rails  was  studied  and  I  found  they 
could  be  classified  under  three  general  types  which  I  called  forms 
of  permanent  set. 

The  first  form  embraced  all  those  rails  which  were  low  at  the 
joints  and  high  at  the  center.  This  type  was  found  upon  rails  laid  - 
with  opposite  joints.     See  cuts  Nos.  1  and  36. 
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Note. — In  Ihe  reproduction  of  Cut  No.  7,  ttie  center  of  the  rail  has  railed ;  it  shonld 
be  a  plane  suTface  belneen  joints. 

The  second  form  of  permanent  set  embraced  all  those  rails  low  at 
the  joints  and  center  buthigh  at  the  quarters.  This  type  was  found 
upon  rails  laid  with  alternate  joints ;  if,  however,  the  traffic  wa& 
heavy,  and  only  a  small  force  employed,  the  second  form  would  be 
soon  converted  into  the  first.     See  cuts  Nos.  2  and  37. 

The  third  form  was  due  to  a  series  of  minute  waves  in  the  sur- 
face of  the  rails. 

Combinations  of  the  first  and  third  forms,  and  of  the  second  and 
third  forms  were  frequent.  The  first  and  second  forms  of  set  were 
developed  in  the  track  by  service,  while  the  third  form  was  due  to 
improper  finish  at  the  mills.     See  cut  No.  3. 

For  the  rails  to  take  a  set  in  the  track  it  was  very  evident  that 
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the  fibre  stresses  in  the  rails,  often  exceeded  the  elastic  limits  of  the 
steel.  This  was  in  1881,  and  as  a  rule  the  steel  rails  then  in  the 
track  were  the  first  used  by  the  roads ;  and  as  the  normal  condi- 
tion of  the  former  iron  rails  in  the  tracks  was  one  in  which  nearly 
all  of  the  rails  had  taken  a  set,  this  feature  in  the  steel  rails  excited 
very  little  comment  among  the  trackmen,  but  among  the  ofhcials 
the  matter  received  more  serious  consideration. 

It  was  evident  that  the  standard  of  tracks  being  maintained 
was  too  low  for  the  increasing  traffic  of  the  roads. 

The  first  remedy  proposed  by  the  Railway  Companies  was  to 
increase  the  track  force  and  add  more  ballast  to  the  track. 

Short,  4-bolt  angle-splice  bars  were  being  adopted,  replacing 
the  common  fish  plates.  Railway  officials  had  watched  their  deflec- 
tions under  trial  engines  at  slow  speed,  and  concluded  that  the 
joints  did  not  deflect  any  more  than  the  center  of  the  rails. 

No  analysis  was  made  of  the  matter,  and  the  reason  for  like 
deflections  was  not  understood.  The  joint  ties  had  been  tamped, 
while  the  center  of  the  rail  was  high  and  loose  and  only  came  down 
to  the  ties  as  the  wheels  passed  over  it  The  comparative  stiff- 
ness of  the  joints  with  the  center  of  the  rails  was  more  apparent 
than  real. 

The  general  length  of  the  rails  in  the  track  then  was  30  feet, 
as  now,  joined  and  held  together  by  a  number  of  kinds  of  joint 
fastenings,  though  the  fish  bars  and  the  angle-splice  bars  were  the 
most  common. 

Chair  joints  and  bridge  joints  were  also  in  use.  There  was 
not  a  single  form  of  joint  fastening  wnich  would  hold  up  the  rait 
ends  without  constant  surfacing  and  attention.  The  joints  were 
down,  the  rails  had  taken  permanent  set  of  the  forms  already  de- 
scribed, while  the  receiving  ends  of  the  rails  were  cut  out  in  double- 
track  roads.  The  track  and  road-bed  had  not  only  to  carry  the 
wheel  loads,  but  to  take  up  and  absorb  the  dynamic  effects,  which 
in  many  cases  were  greater  than  the  static  wheel  loads. 

The  joints  were  and  are  still  the  weakest  points  in  the  track, 
for  no  joint  fastening  has  yet  been  designed,  which  can  transmit 
the  horizontal  components  of  stress  from  one  rail  to  another  in 
distributing  the  wheel  loads,  consequently  there  is  an  increased 
transmission  of  pressure  to  the  ties  and  road-bed  at  the  joints  from 
any  passing  wheel. 

In  1 88 1  there  were  still  many  of  the  light  steel  rails  in  the  track 
which  originally  cost  120  to  140  dollars  per  ton  in  gold. 
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In  order  to  save  as  much  as  possible  in  the  first  cost  of  the  rails 
per  mile,  the  weights  per  yard  were  kept  as  low  as  they  consid- 
ered would  be  safe  for  the  traffic.  Sections  of  56  pounds  to  60 
pounds  per  yard  were  very  common  while  a  6s-pound  section  was 
considered  a  heavy  section,  67  pounds  being  the  heaviest  in  use 
and  that  by  only  one  road. 

The  height  of  sections  ranged  from  4  to  4^  inches,  so  that  any 
form  of  fish  or  splice  bar  would  be  quite  weak,  and  it  is  not  strange 
that  the  trackmen  let  the  joints  go  down  and  the  rails  take  a  set. 

The  undulations  in  the  track  were  very  decided,  and  are  well 
shown  by  the  reduced  diagrams  shown  in  cut  No.  5,  though  these 


Cut  No.  5,  showii^  reductions  from  diagrtms  taken  in  ig8i.  On  (he  led  hand  is  ■ 
reprewntition  of  best  tracks  at  that  dale ;  and  on  the  tight,  fair  track.  In  either  hand 
the  raila  were  loose ;  joints  low  on  the  right  hand.  See  Cut  No.  17  for  surface  of  rails 
and  joints  in  1894. 
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^ere  taken  in  1882.  It  was  clearly  seen  from  the  diagrams  that 
the  undulations  of  the  rails  per  mile,  as  well  as  the  smoothness  of 
the  surface  varied  much  per  mile,  and  it  was  desirable  to  have  a 
closer  estimate  of  the  amount  of  undulations  per  mile,  although 
these  could  not  be  estimated  from  the  diagram  except  by  an 
amount  of  labor  which  soon  became  impossible  to  devote  to  such 
^vo^k. 

The  summing-up  mechanism  which  I  had  designed  in  1880  was 
completed  for  the  fall  inspection  of  the  tracks  in  1881.  The  num- 
ber of  feet  of  undulation  per  mile  as  summed  up  by  the  instruments 
on  the  best  track  pf  comparatively  new  rail  was  about  6  feet  per 
mile,  while  on  the  older  rails,  not  in  as  good  condition,  the 
amount  would  often  be  10  to  12  feet  per  mile. 

The  general  average  for  a  number  of  roads  was  about  8  feet  per 
mile.  None  of  the  tracks,  particularly  on  the  4-inch  rails,  had 
what  we  would  now  term  a  high  degree  of  stability,  for  they  re- 
quired constant  attention  to  keep  them  in  what  was  called  good 
condition.  The  labor  on  the  tracks  only  made  them  temporarily 
but  not  permanently  better. 

The  number  of  feet  of  undulation  per  mile,  as  summed  up  by 
the  instruments  for  each  line  of  rails,  was  tabulated,  and  the  mean 
taken.  As  had  previously  been  indicated  by  the  diagrams,  the 
variation  per  mile  was  very  marked.  At  first  the  railroads  only 
wished  to  know  the  total  for  the  road  and  the  average  per  mile, 
so  a  comparison  could  be  made  with  the  standard  of  track  of 
other  roads. 

This  was  far  too  general  for  detailed  work,  for  it  was  impor- 
tant to  know  why  some  miles  were  better  than  the  average,  in 
order  to  direct  the  work  so  as  to  raise  the  general  average. 

The  mass  of  figures  for  a  road  could  not  be  carried  well  in  the 
mind ;  so  I  designed  the  condensed  diagrams  which  would  not  only 
show  graphically  the  general  condition  of  the  road  at  a  glance,  but 
the  details  per  mile.     See  cut  No.  38. 

The  condensed  diagrams  for  1881  were  very  striking,  and  for 
those  miles  on  the  heavy  gradients  and  others  which  exhibited  the 
greatest  amount  of  undulations,  the  Railroad  Companies  thought 
by  putting  more  labor  on  them  they  might  be-made  equal  to  the 
best. 

In  the  meantime,  in  order  to  make  the  work  as  piacticable  as 
possible  for  the  Department  of  Maintenance  of  Way,  in  1882,  the 
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"  Markers  "  were  added  for 
ejecting  paint  on  the  rails 
when  the  deflections  ex- 
ceeded -^  of  an  inch.  This 
was  very  convincing,  and 
left  little  doubt  in  the  minds 
of  many  officials  that  the 
deflections  of  the  rails  in  the 
track  were  greater  than  they 
had  anticipated. 

The  rails  were  marked  so 
that  the  officials  and  track- 
men could  see  where  the 
deflections  occurred  under 
trains,  which  was  not  only 
a  great   educator  to  them, 

but  directed  the  work  to  the  | 

places  needing  most  atten- 
tion. The  diagrams  for 
1882  repeated  all  the  strik- 
ing characteristics  of  those 
for  1881 ;  not  an  important 
curve  per  mile  on  the  con- 
densed diagrams  had  been 
reversed  unless  new  rails  had 
been  laid.  The  rails  which 
were  rough  on  the  surface 
had  not  and  could  not  im- 
prove after  another  years' 
service ;  joints  which  were 
down  the  year  before  were 
still  down,  and  little,  if  any, 
permanent  improvement  had 
been  made. 

The  dynamic  effects  of 
the  wheel  loads  of  the  in- 
creasing traffic  were  too 
great  for  the  track  to  im- 
prove, and  some  railway 
officials   accepted   the    fact 
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that  the  rails  were  not  stiff  enough  for  the  service,  and  after  study* 
ing  the  diagrams  for  several  thousand  miles  of  track  I  designed 
the  5- inch  8o-pound  steel  rail  for  the  New  York  Central  and  Hud- 
son River  Railroad  in  April,  1883.  With  23  per  cent  more  metal 
than  was  in  their  43^-inch  65-pound  rail,  I  increased  the  stilTness 
66  per  cent.  The  rail  was  rolled  and  put  into  service  in  18S4. 
This  was  the  first  S-inch  steel  rail  put  into  service  in  the  United 
States. 

Having  noted  the  wear  of  the  steel  on  all  types  of  the  heads  of 
rails  in  the  tracks,  I  made  a  broad  head  for  stability  and  wear  and 
a  thinner  head  than  usual  for  effective  rolling,  and  balancing  the 
section  for  better  hot-bed  treatment.  This  type  of  head  has  since 
become  the  prevailing  type  for  modern  vignole  sections.  The 
5-inch  80-pound  rail  once  in  the  track  demonstrated  the  great  value 
of  stiffness  in  maintenance  of  way,  and  was  followed  by  a  number 
of  sections  of  5-inch  80  and  85-pound  rails,  by  the  leading  railroad 
companies  of  this  country. 

The  undulations  in  the  track  reduced  to  about  four  iiet  per 
mile  on  the  first  5-inch  8o-pound  rails.  The  5-inch  8o-pound 
rails  were  all  straightened  at  the  mills  on  narrow-spaced  supports 
used  for  much  lighter  rails,  and  were  indented  by  the  gag  wherever 
applied,  giving  the  surface  a  series  of  minute  waves,  the  third  form 
of  permanent  set,  which  makes  from  one  to  one  and  a  half  feet  of 
the  total  sum  of  undulations  found  upon  these  rails  per  mile. 

These  rails  never  received  proper  hot-bed  treatment,  and  the 
undulations  in  the  surface  increased  the  dynamic  effects  of  the 
wheel  loads,  cutting  out  the  ties,  disturbing  the  ballast,  beside 
giving  a  very  unpleasant  tremor  to  the  cars  when  passing  over 
them. 

In  1883,  after  I  had  designed  the  5-inch  80-pound  rail,  but 
before  any  were  rolled  and  in  the  track,  I  calculated  what  I 
■considered  the  possible  condition  of  track  for  such  rails  would  be 
when  finished  smooth,  and  put  it  on  the  condensed  diagrams  for 
that  year.  The  results  seemed  so  impossible  that  I  was  probably 
the  only  one  for  many  years  who  expected  to  see  them  realized. 
Already  they  have  been  obtained  on  many  railroads  using  rails 
of  about  the  same  type  and  stiffness  for  which  the  estimates  were 
made,  while  with  my  stiffer  sections  still  better  results  are  ob- 
tained, as  would  be  expected. 

The  value  of  stiffness  in  rails,  in  connection  with   sufficient 
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bearing  surfaces  for  the  wheel  pressures  and  stability  in  reducing 
the  undulations  in  the  track,  was  shown  to  be  so  important  by  the 
first  So-pound  rails  in  maintenance  of  way  that  in  1890,  when 
designing  my  recent  series  of  rail  sections,  I  increased  their  stiffness 
per  pound  of  metal,  making  them  stiffer  than  any  vignole  sections 
which  have  been  rolled  in  this  country.  They  all  have  broad 
heads,  which  are  essential  during  manufacture  and  subsequent  ser- 
vice for  smooth  tracks  and  a  high  degree  of  stability. 

A  round,  narrow-neaded  rail  rolls  out  gradually  on  the  ties, 
widening  the  gauge  of  track,  not  being  held  in  position  by  the 
wheel  treads  and  wears  rough. 

The  wheel  treads  on  broad-headed  rails  reverse  the  case  of  the 
boy  trying  to  lift  himself  by  his  boot  straps  and  hold  the  rails 
in  th^ir  vertical  position  on  the  ties,  increasing  their  stability. 

One  of  the  strong  objections  urged  again<tt  ihe  introduction 
of  higher  and  stiffer  rails,  "  was  the  supposed  increased  ten- 
dency to  roll  out  in  the  track."  With  properly  designed  heads  the 
higher  rails  have  been  held  in  gauge  much  better  than  the  former 
low  rails. 

I  am  now  able  to  state  quite  definitely  for  each  of  my  sections, 
according  to  their  stiffness  and  traffic  for  which  they  are  suited, 
the  lower  range  of  undulations  per  mile  to  which  they  may  be  re- 
duced or  maintained  in  the  track,  as  shown  by  my  track  indicator. 

For  heavy  branch-line  traffic  the  4^-inch  65-pound  section,  the 
undulations  run  down  to  4  feet  and  6  inches  per  mile,  or  the  31st 
line  on  the  condensed  diagrams.  For  the  same  kind  of  traffic  the 
5)i-inch  70-pound  rails,  3  feet  and  6  inches,  or  the  24th  line  on  the 
condensed  diagrams.  The  5-inch  75-pound  rails,  heavy  traffic  5 
feet  per  mile,  or  the  2ist  line  on  the  condensed  diagrams.  The 
5  ^-inch  80-pound  rails,  three  tie  joints,  under  express  trains  50 
to  75  miles  per  hour,  2  feet  6  inches  to  2  feet  9  inches  per  mile. 
The  iSth  line  on  the  diagrams  is  taken  as  the  standard.  This 
section  has  an  unexceptionable  stability  for  the  weight  per  yard. 

The  6-inch  100-pound  rails,  three  tie  joints,  the  undulations 
run  down  to  I  foot  and  6  inches  to  2  feet  per  mile.  As  an  all 
year  round  condition  of  track  the  stability  being  very  high. 

The  figures  given  for  the  undulations  per  mile  for  each  section 
are  for  rails  without  either  the  first  or  second  form  of  permanent 
set  in  the  track,  the  rails  appearing  in  surface  to  the  eye  when  not 
under  trains. 
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I  have  designated  such  rails  as  the  fourth  or  proper  form  rep- 
resenting the  best  condition  of  track  for  they  are  in  perfect  surface 
to  the  eye.  (See  cut  No.  7.)  The  undulations  which  remain  in 
the  tracks  under  the  figures  given  for  each  section  are  individually 
so  minute  at  present  tb«y  cannot  be  further  reduced  by  the  skilled 
trackmen. 

The  importance  of  knowing  how  low  the  undulations  may  be 
reduced  in  the  track  for  each  section  of  rail  cannot  be  over  esti- 
mated,  for  knowing  what  to  expect,  if  not  attained  the  reason 
why  can  be  traced. 

Each  section  of  rail,  like  a  locomotive  of  a  certain  class  can 
only  render  a  specific  duty  or  permit  a  certain  standard  of  track 
to  be  attained,  for  the  deflections  of  the  track  decrease  as  the 
stiffness  of  the  rails  increases. 

The  weight  of  the  locomotives  and  cars  can  only  be  transmitted 
to  the  rails  through  the  wheel  contacts,  which  produces  a  wave  of 
general  depression  of  the  rails  under  the  wheel  base  of  the  locomo- 
tive and  cars,  the  greatest  depressions  and  most  intense  waves  of 
pressure  being  directly  under  the  wheels. 

To  distribute  the  wheel  loads  to  the  ties,  ballast  and  road-bed, 
the  stresses  of  the  metal  in  the  rails  under  the  wheels  of  the  loco- 
motives and  cars  become  two  kinds,  viz. :  compression  in  the  head 
and  tension  in  the  base;  while  between  the  wheels  the  stresses  are 
reversed,  the  head  being  in  tension  and  the  base  in  compression, 
the  stresses  reversing  as  each  wheel  passes  over  the  rails;  there- 
fore only  the  ties  in  the  general  depression  of  the  locomotive  or 
cars  are  transmitting  pressure  to  the  ballast  at  the  same  time,  while 
in  the  center  of  the  space  between  the  trucks  the  rails  are  not  only 
relieved  of  pressure,  but  rise.  The  waves  of  pressure  and  relief 
may  occur  many  times  per  second  according  to  speed  and  length 
of  train.     Sec  cut  No.  30, 

We  can  approximate  the  fibre  stresses  in  rails  in  the  track 
under  static  loads  by  placing  a  locomotive  on  them  and  measuring 
the  elongation  or  compression  per  inch  of  the  metal  under  stress. 
On  4)£-inch  rails,  16  ties  per  rail,  a  locomotive  carrying  20,000 
pounds  per  driver  will  show  tension  stresses  under  the  drivers  of 
12,000  to  16,000  pounds  per  square  inch,  while  those  of  compres- 
sion between  the  wheels  are  usually  about  one-half  to  two-thirds 
as  much.  The  figures  are  not  uniform  per  rail  length  owing  to 
unequal  bearing  of  the  ties. 
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On  stiffer  S-inch  rails  the  fibre  stresses  reduce  to  5,ocx)  pounds 
to  8,000  pounds  in  tension,  and  4,000  pounds  to  6,000  pounds  in 
compression. 

On  the  6-inch  100-pound  rails  the  highest  in  tension  so  far 
obtained  are  4,000  pounds,  and  3,000  pounds  in  compression. 

These  figures  are,  of  course,  only  approximations  under  a  given 
wheel  bare  of  8  feet  and  6  inches  for  static  loads.  A  shorter  or 
longer  wheel  bare  will  give  difTerent  results.  Under  moving  loads 
they  would  be  much  higher,  or  for  a  poor  condition  of  track. 
These  figures  of  the  stresses  indicate  that  the  dynamic  effects  from 
the  wheel  loads  cannot  become  proportionaiy  as  great  on  the  stiRer 
rails  as  on  the  weaker  rails,  and  this  is  shown  by  the  experience 
of  the  past  15  years.  While  the  wheel  loads  have  all  increased— 
that  of  the  freight  car  having  been  trebled — the  undulations  in  tbe 
track,  by  stifTer  rails,  have  been  reduced  to  one-third  of  their  former 
amount 

The  dynamic  effects  from  the  wheel  loads  have  been  reduced  in 
a  greater  ratio,  so  that  the  combined  static  and  dynamic  effects 
of  the  heavier  wheel  loads  as  distributed  through  the  stiffer  rails 
per  tie  to  the  ballast  and  road-bed,  are  less  than  was  the  combined 
static  and  dynamic  effects  of  the  lighter  wheel  loads  as  distributed 
by  the  lighter  rails  per  tie  to  the  balla.st  and  road-bed. 

An  unnecessary  destructive  force  has  been  prevented  from  being 
generated  and  a  great  saving  made  in  the  cost  of  maintenance  of 
way. 

As  may  be  inferred  from  cut  No.  30  every  tie  underneath  the 
lighter  rails  received  its  weight  to  distribute  more  in  the  nature  of 
suddenly  applied  loads  than  gradual  loads  and  its  abrasion  under 
the  rails  was  very  rapid. 

As  the  cost  of  ties  is  now  much  greater  than  the  cost  of  rail  re- 
newals, the  saving  in  expense  for  ties  will  be  quite  an  item  in  pay- 
ing for  stiffer  rails. 

Treated  ties  can  now  be  used  under  the  stiffer  rails  since  the 
abrasion  has  been  so  much  reduced. 

The  original  diagrams  on  many  tracks  are  quite  smooth,  being 
nearly  straight  lines  on  the  heavy  sections.     (See  cut  27.) 

The  difficulties  of  making  rails  increase  rapidly  as  the  sections 
increase  in  weight  over  60  pounds,  the  composition  and  entire 
manufacture  requiring  special  attention. 

The  hot-bed  treatment  becomes  very  important,  so  they  will  cooi 
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as  nearly  straight  as  possible,  requiring  but  a  little  work  under  the 
straightening  presses  and  be  fairly  smooth,  and  not  filled  with  little 
waves  by  heavy  gagging. 

Cuts  Nos.  28  and  29  show  sections  of  a  "Hot-bed"  and  the 
cooling  of  two  types  of  rails. 

In  the  manufacture  of  rails,  after  they  come  from  the  "  Hot- 
saws"  and  still  white  hot,  they  must  be  cambered,  curving  the 
head  around  the  base  so  they  will  theoretically  cool  straight ;  then 
they  go  to  the  "Hot-beds"  for  cooling,  where  remarkable  phe- 
nomena take  place.  In  four  or  five  minutes  after  the  rails  reach 
the  hot-bed  the  base  of  the  rail  lessens  its  rate  of  cooling,  straight- 
ens the  rail,  and  then,  in  two  or  three  minutes  more,  has  curved 
slightly  around  the  head,  recalescence  of  the  base.  Then  the  re- 
calescence  of  the  head  begins,  restraightens  the  rail  and  continues 
curving  the  head  around  the  base  more  than  the  original  camber. 

In  about  twenty-five  to  thirty  minutes  the  gradual  cooling  com- 
mences to  straighten  the  rail  for  the  third  time,  which  is  practically 
complete  in  about  forty  to  forty-five  minutes. 

The  many  movements  of  the  rails  while  cooling,  the  friction  on 
the  rails  of  the  hot-bed,  render  it  impossible  to  cool  the  rails  per- 
fectly straight  and  smooth ;  they  must  still  be  straightened  when 
cool  under  presses.  To  straighten  the  rails  in  the  present  presses, 
several  blows  are  given  the  rait,  and  each  must  put  a. permanent 
set  in  the  rail  to  be  effective  and  show  more  or  less  afterward  in 
the  track. 

Balancing  the  metal  between  the  head  and  base,  as  it  is  in  my 
sections,  lessens  the  amount  of  camber  required  on  the  hot-bed, 
the  rails  come  out  straighter,  which  lessens  also  the  amount  of 
work  required  under  the  straightening  presses.  I  have  also 
widened  the  supports  under  the  presses,  the  gags  indenting  the 
rails  much  less  than  on  the  short-spanned  supports  formerly  used ; 
and  the  rails  came  out  smoother,  with  a  better  surface  than  is  pos- 
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sible  to  obtain  on  unbalanced  sections.  The  matters  iUustrated  in 
cuts  Nos.  28  and  29  will  serve  to  show  that  the  cooling  and 
straightening  of  rails  is  a  very  difficult  matter,  and  unless  great 
care  and  attention  are  given  to  the  rails  during  those  processes  the 
effects  will  appearwhen  the  rails  are  under  traffic  in  the  track, and 
become  worse  by  service. 

The  center  ordinates  for  60-foot  rails  when  cambered  are  four 
to  five  times  that  shown  in  the  cuts  for  30-foot  rails,  and  for  the 
long  rails  to  go  through  all  the  movements  in  coolii^  on  the  hot- 
beds and  come  out  fairly  straight  is  an  impossibility  by  present 
methods ;  besides,  the  long  rails  intensify  the  difficulties  of  straigh- 
ening  in  a  very  marked  degree,  the  practical  results  being  that  the 
45-  and  60-foot  rails  have  not  finished  as  smooth  as  the  30-foot 
lengths.  The  work  must  be  improved,  for  60-foot  rails  will  be 
largely  used  in  the  future.  Better  methods  for  cooling  and  straight- 
ening ail  lengths  of  rails  are  desired,  for  the  trackmen  are  now 
so  skilled  that  they  could  surface  perfect  rails  to  true  planes. 

One  of  the  great  objects  to  be  obtained  in  permanent  way  con- 
struction by  the  use  of  stifTer  and  smoother  rails  is,  to  prevent  the 
dynamic  efTects  of  the  moving  wheel  loads  of  either  the  locomo- 
tives or  cars  from  reaching  much  magnitude,  for  the  eflfects  of  the 
static  loads,  combined  with  the  dynamic  effects,  when  finally  dis- 
tributed to  the  road-bed,  should  always  be  less  than  its  elasticity; 
otherwise  the  track  cannot  acquire  any  high  degree  of  stability, 
nor  be  most  economically  maintained.  The  5  and  6-inch  rails  are 
double  and  treble  the  stiffness  of  the  4j^-inch  rails,  with  much 
wider  bearing  surface  for  the  wheels,  and  as  would  be  expected, 
the  diagrams  show  that  the  waves  of  pressure  from  the  wheel 
loads  must  have  been  distributed  over  a  much  greater  area  of  the 
road-bed,  reducing  their  intensity  to  a  factor  more  easily  carried 
by  the  elasticity  of  the  road-bed ;  which,  although  a  very  limited 
quantity,  is  a  fundamental  principle  of  maintenance  of  way.  It 
has  directly  received  too  little  attention,  for  many  railroad  people 
still  treat  the  road-bed  as  though  it  were  wholly  an  inelastic  body, 
and  permit  the  waves  of  pressure  transmitted  to  it  to  be  far  in 
excess  of  its  elasticity,  and  deformation  takes  place,  which  must 
be  repaired  at  least  by  surfacing. 

The  elasticity  of  the  road-bed  is  not  likely  to  be  uniform  per 
mile  for  the  entire  road ;  some  portions  will  take  up  and  cany 
3,000  pounds  per  square  foot  without  injury,  while  other  portions. 
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being  more  plastic,  will  not  carry  z,ooo  pounds  without  set  and 
deformation. 

The  drainage  of  the  road-bed  must  be  very  efficient  at  all  times, 
as  a  reduction  of  a  few  per  cent,  of  moisture  increases  the  plas- 
ticity and  decreases  the  elasticity.  The  ballast  under  the  ties 
when  dry  and  of  good  quality  is  supposed  to  reduce  the  pressure 
from  the  tie  to  the  road-bed,  inversely  as  its  depth.  I  think  the 
estimate  too  high  for  general  practice,  and  have  shown  the  waves 
of  pressure  transmitted  from  the  ties  through  the  ballast  to  the 
road-bed  as  less  in  cut  No,  30. 

The  condensed  diagrams  of  a  portion  of  the  track  on  the  Hud- 
son division  of  the  N.  Y.  C.  &  H.  R.  R.  R.,  for  1895  and  1891, 
will  convey  a  very  definite  idea  of  the  reduction  of  the  undulations 
in  some  tracks  during  the  past  15  years.  In  1 88 1  when  the  first 
condensed  diagrams  of  the  condition  of  the  track  were  made,  4  and 
4^-inch  65-pound  rails  being  in  the  track,  the  "condition  of 
track  on  the  diagrams  ranged  from  the  50th  to  the  60th  line. 

The  undulations  of  the  rails  on  the  original  diagrams  are  fairly 
shown  by  the  right  half  of  cut  Ko.  5. 

In  1884  the  first  5-inch  80-pound  rail  was  put  into  service,  and 
by  1891  the  undulations  in  the  track  had  been  reduced  one-half, 
which  more  than  doubled  the  stability  of  the  track. 

The  diagrams  for  1890  show  the  greatest  improvement  of  any 
yet  obtained,  and  they  are  compared  with  those  of  1891,  instead 
of  1894,  as  those  dates  afford  the  most  valuable  comparisons  be- 
tween the  stability  of  the  track  of  different  sections  of  rails  ;  also 
comparisons  between  suspended  joints  and  three  tie-supported 
joints. 

On  the  Hudson  Division,  in  the  diagrams  for  1891,  from  New 
York  to  Mott  Haven,  the  first  5-inch  80-pound  rails  laid  in  1884, 
were  still  in  service.  They  were  laid  with  22-inch  splice  bars, 
suspended  joints,  and  replaced  by  100-pound  rails,  in  1892. 

From  Spuyten  Duyvil  to  Peekskill  the  5-inch  80-pound  rails 
were  laid  in  1886  and  1887,  with  22-inch  splice  bars,  suspended 
joints  and  were  replaced  by  lOO-pound  rails  in  1894.  The  con- 
dition of  the  track  in  1891  on  the  80-pound  rails  averaged  some 
8  lines  higher  than  the  track  from  Peekskill  to  Albany,  laid  with 
the  5-inch  80-pound  rails  and  Col.  Katte's  three  tie-supported 
joint. 

From  the  condensed  diagrams  it  will  be  seen  that  from  Peelcs- 
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kill  to  Albany  the  track  has  been  maintained  under  its  heavy 
traffic,  practically  on  the  same  lines  for  four  years — a  result  not 
probable  with  suspended  joints.* 

The  lOO-pound  rail  shows  the  highest  possible  condition,  the 
undulations  being  reduced  to  the  lowest  limit  which  the  trackmen 
can  take  up  in  surfacing,  the  original  diagrams  showing  like  Fig. 
No.  27.    The  100-pound  rail  makes"  Permanent  Way." 

On  the  condensed  diagrams  the  "  Condition  of  Track  Line  "  for 
each  inspection  represents  the  average  sum  of  all  the  various 
undulations  of  the  rails  per  mile,  as  mechanically  summed  up  by 
the  inspection  apparatus  into  feet  and  inches  per  mile. 

To  plot  the  sum  of  the  undulations  on  the  diagrams,  the  num- 
ber of  feet  and  inches  per  mile  are  reduced  to  inches  and  divided 
by  176,  the  number  of  30-foot  rails  per  mile,  which  gives  the 
average  undulations  per  rail  per  mile  in  hundredths  of  an  inch. 
Each  horizontal  line  on  the  diagrams  represents  one-hundredth  of 
an  inch  ;  therefore  as  many  above  the  base  line  are  taken  as  the 
average  hundredths  of  an  inch  of  undulation  per  mile.  The  re- 
sults for  each  track  are  relative  to  the  base  line,  yet  are  compara- 
tive one  mile  with  another. 

The  average  condition  of  each  mile  is  indicated  from  the  hori- 
zontal line  crossed  or  touched  by  the  condition  of  track  line  in  the 
center  of  the  space  for  the  mile. 

The  space  between  the  vertical  lines  represents  one  mile  of 
track. 

Lines  marked  "  Age  of  Steel "  for  each  mile  give  its  length  of 
service,  each  horizontal  line  representing  one  year. 

Lines  marked  "  Percentage  of  Tangent  and  Cun/e"  show  the 
approximate  alignment  of  both  tracks  per  mile.  The  percentage 
of  tangent  is  marked  on  the  left  side  of  the  space  for  the  mile,  and 
that  of  the  curvature  on  the  right  side.  Each  horizontal  line  rep- 
resents 10  per  cent,  for  the  mile. 

Lines  marked  "  Profile  "  show  the  gradients  of  the  road  and  are 
common  to  both  tracks,  though  ascending  grades  on  one  track  are 
descending  upon  the  other  and  vice  versa.  E^ch  horizontal  line 
represents  lO  feet  of  elevation  and  refers  to  the  Base  Line  for 
track  No.  i  in  all  cases. 

*Thc  coDdensed  diagrams  or  the  Itudson  Division  are  only  reproduced  lor  15 
miles  above  Peekskill,  on  the  j-inch  So-pound  rails.  The  balance  of  the  distance  10 
Allnny  i«  identical  with  ihat  ahown  above  Fcekakill. 


D.g.tizecbvGoOgle 


THE  OIL  MACHINE.  135 

"  Gauge  of  Track."  Not  a  mile  of  track  from  New  York  to 
Buffalo,  and  return,  was  found  one-tenth  of  an  inch  out  of  gauge, 
which  eliminates  that  line  from  the  diagrams. 

"Side  Irregularities  of  the  Rails."  This  was  reduced  to  the 
lowest  possible  limits  and  is  omitted  from  the  diagrams. 

That  not  a  mile  of  track  was  found  out  of  gauge  is  a  matter  of 
great  significance,  for  it  shows,  aside  from  the  care  which  the 
track  has  received,  that  the  stability  of  the  broad-headed  high 
rails  is  proportionally  much  greater,  as  was  designed,  than  that  of 
the  low  round-headed  rails,  and  further  that  the  larger  locomotives, 
with  high  "center  of  gravity,"  are  easier  sidewise  on  the  track 
than  the  older  locomotives  with  low  "  center  of  gravity."  * 


THE  OIL  MACHINE.t 
By  GEORGE  RICHMOND. 


Probably  ten  thousand  oil  engines  are  at  the  present  moment 
in  operation  in  all  parts  of  the  world.  This  number  is  relatively 
very  small  and  in  explanation  it  must  be  remembered  that  the  oil 
engine  is  practically  a  production  of  the  present  decade.  More- 
over the  only  suitable  cycle  was  controlled  by  the  owners  of  the 
"  Otto "  patents,  who  had  no  particular  incentive  to  develop  the 
oil  engine.  Apart  from  these  facts  the  difficulties  inherent  in  the 
use  of  oil  were  considerable,  and  the  explosive  engine  could  not  be 
utilized  until  it  had  freed  itself  from  certain  limiting  conditions. 

This  very  quality  of  youthfulness  should  commend  the  oil 
engine  to  the  favorable  consideration  of  this  Society.  While  dis- 
claiming all  pretension  that  the  internal-combustion  engine  is 
destined  to  supplant  the  steam  engine,  it  is  very  apparent  that  it 
will  claim  a  large  share  of  attention  in  the  future.  Now  with  the 
splendid  facilities  which  you  will  have  in  the  new  University  build- 
ings, you  will,  no  doubt,  do  very  excellent  work  on  the  steam  engine. 
The  results  will  be  almost  entirely  educational.    You  will  do  what 

•The  Dumbfis  of  Ihe  cuts  tir«  the  »ine  as  those  on  the  series  of  Condensed  Dia- 

\Oat  of  >  coarse  of  lectures  delivered  to  the  students  of  the  Schools  of  Mines  mA, 
EapneeTing,  Odmnbu  Univenity,  under  the  ansiuces  of  the  Engineeru^  Societ]'. 


D.s.™cb,GoOglc 


136  THE  QUARTERLY. 

some  one  else  has  done — nearly — as  weU,  and  you  can  hardly  ex- 
pect to  see  records  of  your  work  outside  of  your  transactions.  But 
the  same  care  and  diligence  devoted  to  the  oil  engine  could  easily 
produce  results  which,  while  aJTording  equally  valuable  training  to 
the  investigators,  would,  in  the  present  dearth  of  data,  cause  the 
Columbia  University  to  be  quoted  in  all  the  text-books  for  the  next 
twenty  years  at  least.  You  will  see  that  in  the  hope  of  securing 
your  interest  in  my  subject  I  do  not  hesitate  to  appeal  to  your 
pride  in  the  Alma  Mater. 

It  may  interest  you  to  know  that  while  the  oil  engine  has  been 
developed  abroad,  the  first  engine  which  attained  any  degree  of 
success  was  the  invention  of  an  American.  Mr.  Brayton,  of  Phila- 
delphia, brought  out  his  engine  in  1873,  and  it  was  manufactured 
by  the  New  York  and  New  Jersey  Ready-Motor  Company. 

In  this  engine  there  are  two  cyhnders,  one  being  a  compressing 
pump  and  the  6ther  a  motor.  The  chaise  of  air  is  drawn  into  the 
pump  on  the  out-stroke  and  compressed  on  the  return  into  a  re- 
ceiver; the  pressure  usual  in  the  receiver  varies  from  60  to  80 
pounds  per  square  inch  above  atmosphere.  The  nrotor  cylinder 
takes  its  supply  from  the  receiver,  but  the  mixture  is  ignited  as  it 
enters,  a  grating  arrangement  preventing  the  return  of  the  flame. 
Against  this  grating  the  oil  was  sprayed.  The  mixture,  in  fact, 
does  not  enter  the  motor  cylinder  at  all ;  what  enters  it  is  a  con- 
tinuous flame.  At  a  certain  point  the  supply  of  flame  is  cut-off 
and  the  piston,  moving  on  to  the  end  of  its  stroke,  expands  the 
volume  of  hot  gases  to  nearly  atmospheric  pressure  before  dis- 
charge. This  engine  worked  fairly  well,  although  its  cycle  is  now 
obsolete,  and  its  withdrawal  from  the  market  was  chiefly  due  to 
the  rapidity  with  which  its  cylinder  sooted  up. 

For  a  long  time  the  pilot  flame  method  of  ignition  was  exclu- 
sively used  for  igniting  the  charge  in  explosive  engines,  and  while 
this  practice  lasted  a  successful  oil  engine  was  practically  an  im- 
possibility. With  the  introduction  of  the  hot-tube  method  and 
the  revival  of  electric  ignition,  the  use  of  oil  became  feasible,  and 
accordingly  the  Priestman  oil  engine  was  brought  out  in  1S88, 
This  engine  was  exhibited  at  the  Royal  Agricultural  Show  in  18S9 
and  created  a  very  great  interest  among  engineers,  who  immedi- 
ately recognized  its  importcnce  as  a  substitute  for  steam,  especially 
on  the  farm,  and  for  country  houses,  where  gas  is  unobtainable. 
An  immense  impetus  was  given  to  the  industry,  and  on  the  next 
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occasion  of  testing  oil  engines  by  the  same  Society,  in  1894,  no 
less  than  eight  different  oil  engines  were  presented  and  all  the 
honors  were  carried  off  by  a  new  comer,  namely,  the  "  Homsby- 
Akroyd."  The  oil  engine  was  not  regarded  as  a  rival  of  the  gas 
engine,  but  rather  as  extending  the  field  of  usefulness  of  explosive 
engines.  That  it  should  turn  out  to  be  a  rather  formidable  rival  of  the 
gas  engine  is  due  to  the  fact  that  the  fuel  necessary  to  run  it  costs 
about  half  that  of  the  corresponding  amount  of  illuminating  gas. 

Asa  heat  engine  the  oil  engine  enjoys — next  to  the  gas  engine 
(and  following  closely  on  its  heels) — the  distinction  of  converting 
into  work  a  greater  percentage  of  heat  supplied  to  it  than  the  best 
steam  engine  docs.  As  you  are  aware,  for  each  horse  power  pro- 
duced by  an  engine,  heat  must  be  converted  into  work  at  the  rate 
of  3545  units  per  hour.  This  number  is  thus  obtained, 
33000X60  _ 
•   "■   »"8 

Bearing  in  mind  that  this  amount  of  heat  corresponds  roughly 
to  about  2,3  pounds  of  steam,  0.3  pounds  of  coal,  4  cubic  feet  of 
illuminating  gas  or. 13  pounds  of  oil,  the  following  comparison 
may  be  made : 

Table  I. 
One  Horse-Power  =  2545  B.  T.  U.  Per  Hour. 
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Cm  pet  ponnd  of  Coal  at  I4.00  per  ton, % 

Coit  of  Gu  per  foot  at  Jl.oo  per  l^ooo, I 

Cot  of  Oil  per  pound  at  7  cenb  pei  (^lon, .,,..,..    10 

Now  the  bulk  of  the  steam  engines  in  use,  we  may  say  prac- 
tically all  those  below  40-horse-power,  are  included  in  the  efficien- 
cies below  10  per  cent.,  which  may  be  considered  the  lowest  effi- 
cteocy  admissible  for  an  internal  combustion  engine.    On  the 
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other  hand,  28  per  cent,  efficiency  has  been  attained  by  a  sin^ite 
half-single-acting  explosive  engine  without  much  difficulty,  and  in 
view  of  the  relative  state  of  development  it  is  apparent  that  the 
record  will  always  remain  with  the  explosive  engine. 

If  these  engines  were  equally  efficient,  the  cost  of  fuel  would 
show  very  largely  in  favor  of  the  steam  engine  and  it  would  have 
to  plead  its  greater  convenience  to  secure  acceptance.  I  am  fre- 
quently asked  the  question,  "  How  does  the  cost  for  oil  compare 
with  the  cost  for  coal,"  say  on  a  S-horse-power  engine.  When  in 
return  I  ask,  "  How  much  coal  do  you  expect  to  consume  per 
horsepower,"  I  get  an  answer  something  like  this,  "Well  nowa- 
days 2  pounds  is  a  common  consumption,  but  let  us  say  3  or  4  if 
you  like."  I  need  hardly  tell  you  that  such  enquiries  do  not  come 
from  members  of  the  Columbia  or  any  other  Engineering  Socie^. 
There  does  not  appear  to  be  any  very  reliable,  or  rather  extensive, 
report  on  the  fuel  consumption  of  small  engines.  The  following 
table. 

Table  H. 
Coal  Consumption  Per  Indicated  H.  P.,  in  Small  Kogines. 


Prolable  I.  H.  P.,  at  full  load.  .  I 
Average  I.  H.  F.,  during  obser- 


.  a.96      I   7,37   I      8.a  I      8.6  I  33.64 
11.35     '^^'  I  '^'3     ■1-68 


19.08     30.0S 
9.53  i    &s<» 


taken  from  Professor  Unwin's  "  Lectures  on  the  Development 
and  Transmission  of  Power,"  undoubtedly  represents  very  bad 
practice  and  was  intended  to  point  a  moral,  namely,  the  advan- 
tage of  distribution  of  power  by  compressed  air.  But  it  also 
represents  facts  which  could  be  easily  duplicated  and  are  equally 
well  adapted  to  adorn  a  tale  of  gas  engines  or  oil  engines.  Another 
record,  which,  together  with  the  last,  is  found  in  "Kent's  Pocket 
Book,"  gives  the  result  of  trials  of  small  engines  at  the  Ro3«l 
Agricultural  Society  Show  in  1890,  from  which  it  appears  that  a  5- 
horse-powcr  engine  used  78,1  pounds  of  water  and  a  2-horse-power 
engine  89.9  pounds  of  water  per  horse-power.  In  both  tiiese  cases 
the  actual  cost  for  coal  is  much  greater  than  the  actual  cost  for  oil, 
and  when  we  consider  the  time  spent  in  getting  up  steam,  keeping 
up  steam,  etc.,  it  is  probable  that  the  claim  that  moderate  sizes  of 
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oil  engines  cost  less  than  half  the  expense  or  running  a  steam 
engine  of  the  same  power  is  well  founded. 

Reference  has  been  made  to  the  difBculties  inherent  in  the  use 
of  heavy  safe  oil.  These  difficulties  relate  to  the  vaporization  and 
the  ignition.  Of  three  methods  of  attacking  the  first  problem,  in 
each  of  which  a  different  method  of  ignition  is  used,  a  brief  men- 
tion of  the  characteristics  will  suffice,  since  you  can  readily  ob- 
tain a  full  description  of  these  devices  in  the  text-books. 

Priestman's  method,  which,  although  not  the  most  simple,  is 
entitled  to  precedence  for  historic  reasons.  In  this  case  the  oil  is 
sprayed  into  a  chamber  which  is  heated  by  passing  the  exhaust 
gas  around  it.  The  air  for  atomizing  the  oil  spray  is  supplied  by 
an  auxiliary  air  pump,  and  the  air  required  for  combustion  is  all 
drawn  through  the  vaporizer.     The  ignition  is  electric. 

In  the  solution  by  Crossiey  and  others,  which  became  possible 
only  by  the  production  of  a  lamp  adapted  to  burn  kerosene  with- 
out a  wick,  the  ignition  is  by  hot  tube,  and  the  waste  heat  from 
the  flame,  which  plays  around  the  tube,  heats  the  flue,  around 
which  a  spiral  chamber  is  formed.  A  small  quantity  of  air  is 
drawn  down  this  spiral  passage,  and  the  resulting  heated  current 
of  air  meets  the  oil  which  is  injected  by  a  pump  into  the  lower 
part  of  the  vaporizer.  The  hot  air  saturated  with  oil  vapor  is 
drawn  through  a  valve  into  the  cylinder,  and  the  additional  air  re- 
quired for  combustion  enters  the  cylinder  through  another  valve. 

In  a  unique  solution  of  both  problems  known  as  the  "  Hornsby- 
Akroyd  method,"  the  separate  vaporizer  and  the  ignition  device  are 
both  dispensed  with.  A  portion  of  the  cylinder  connecting  with 
the  rest  by  a  narrow  neck  is  unjacketed  and,  therefore,  remains 
at  a  temperature  approaching  a  dull  red  heat;  oil  only  is  injected 
into  this  extension,  which  is  in  eflect  the  vaporizer,  and  air  only  is 
drawn  into  the  cylinder.  Neither  of  these  are  explosive,  and  the 
explosive  mixture  is  formed  by  forcing  the  air  through  the  neck 
into  the  vaporizer  on  the  return  of  the  piston.  The  ignition  takes 
place  at  the  end  of  the  compression  stroke.  This  very  beautiful 
solution  of  both  problems  at  once  makes  the  oil  engine  simpler 
than  either  the  gas  engine  or  the  steam  engine. 

Let  us  turn  now  for  a  brief  survey  of  the  principles  involved  in 
this  heat  engine.  The  distinctive  names  of  the  various  heat  en- 
gines refer  to  the  agents  used  rather  than  to  the  principles  involved. 
The  oil  engine  differs  from  the  gasoline  engines  in  that  it  uses  a 
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grade  of  oil  which  caanot  be  vaporized  by  passing  air  through  it 
or  injecting  it  into  a  moderately  warm  cylinder.  The  gasoline 
and  oil  engines  differ  from  the  gas  engine  in  that  they  manufac* 
ture  their  own  gas,  but  all  of  these  engines  are  simply  hot-air 
engines.  The  theory  of  the  action  is  substantially  the  same  as 
that  of  the  better-known  steam  engine.  We  may  consider  that 
air  instead  of  water  is  pumped  into  the  boiler  and  that  each  cylin- 
der charge  is  heated  (after  being  shut  off  from  the  boiler)  to  the 
required  temperature  by  combustion  in  the  cylinder.  We  per- 
ceive at  once  an  obvious  advantage  in  performing  the  combustion 
within  the  cylinder,  since  the  loss  of  heat  in  the  chimney  is 
eliminated. 

We  have  seen  that  when  the  ratio  ->~  '  is  applied,  the  in- 
ternal combustion  engine  comes  out  very  much  ahead  of  the 
average  steam  engine.    There  is  another  ratio  which  you  will 

readily  recognize,  viz:  — =— 

which  the  heat  is  supplied  to  the  engine  and  7*,  the  temperature 
of  the  rejected  heat.  For  the  perfect  heat  engine  working  on  t}ie 
"  Camot "  cycle  these  two  ratios  are  equal,  but  for  any  practical 
engine  the  first  one,  termed  the  actual  efficiency,  is  smaller  than 
the  second,  termed  the  ideal  efficiency. 

In  the  case  of  the  steam  engine  the  actual  cfRciency  is  about  half 
the  ideal  efficiency,  while  for  the  internal  combustion  engine  it 
rarely  reaches  one-fourth.  From  these  facts  two  inferences  are  fre- 
quently drawn,  the  one  of  which  seems  to  afford  a  certain  amount 
of  satisfaction  to  writers  on  the  steam  engine,  while  the  other  en- 
courages expectations  on  the  part  of  the  partisan  of  the  explosive 
engine  that  are  entirely  illusory.  For  it  would  seem  that  as  an  ap- 
pliance for  converting  heat  into  work  the  internal  combustion 
engine  is  very  inferior  to  the  steam  engine,  and  as  a  corollary  to 
this,  that  the  margin  for  improvement  in  the  former  case  is  much 
larger  than  in  the  latter. 

In  order  to  sec  the  exact  significance  of  these  statements  it  will 
be  necessary  to  go  briefly  over  ground  which  is  perfectly  familiar 
to  those  who  have  attended  the  lectures  on  thermodynamics,  and 
the  matter  is  really  so  simple  that  it  will  readily  be  understood  by 
all. 
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If  we  set  up  a  line  representing  7"t  (Fig.  4)  on  any  convenient 
scale,  and  cut  off  a  portion  equal  to  T^,  the  line  is  evidently  divided 


same  ratio.  If  the  rectangle  on  7*,  represents  the  heat  supplied 
to  an  engine,  that  on  T^  will  represent  the  rejected  heat  and  their 
difference,  namely,  the  rectangle  I,  2,  3,  4  (Fig.  5)  will  represent 
the  amount  of  heat  disappearing  by  conversion  into  work. 

Moreover,  by  following  this  rectangle  around,  we  read  off  the 
physical  changes  undergone  by  the  agent  used,  which  are,  of 
-course,  precisely  those  required  for  the  "  Carnot "  cycle.  In 
traveling  from  I  to  2  the  ordinate  representing  temperature  re- 
mains at  constant  height  and  sweeps  out  an  area  representing  tfu 
Juat  imparted  at  constant  temperature.  From  2  to  3  the  tempera- 
ture is  reduced  without  addition  or  removal  of  heat,  representing 
adiaiatk  expansion.  From  3  to  4  the  ordinate  sweeps  out  the 
•area  of  luat  refected  at  constant  temperature  by  traveling  to  the  left. 
From  ^  to  I  the  agent  is  raised  in  temperature  without  addition 
or  removal  of  heat,  thus  representing  the  adiabatic  compression 
necessary  to  bring  the  agent  to  its  initial  condition.  As  a  result 
of  this  process  the  shaded  surface  is  traced,  which  represents  the 
missing  heat  H^—H^,  and  its  area  expressed  in  foot  pounds  is 
precisely  the  same  as  that  which  would  have  been  traced  by  the 
indicator. 
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The  indicator  diagram  is  an  autographic  record  of  the  work 
done,  and  although  we  cannot  obtain  an  autographic  record  of  the 
heat  changes,  we  can  readily  construct  the  diagram  representing 
them  when  they  are  known.  For  example,  the  cycle  of  the  steam 
engine  differs  from  the  ideal  cycle  just  considered  chiefly,  in  the 
fact  that  the  temperature  7*,  is  not  reached  by  compression  of  the 
partially  condensed  steam,  but  by  the  addition  of  heat  to  water. 

This  heat  is  added  at  constantly  rising  temperature  and  is  repre- 
sented by  the  area  swept  out  by  the  ordinate  travelling  from  4  to  i 
(Fig.  6).  The  rest  of  the  cycle  is  theoretically  the  same,  and  it  is 
apparent  that  the  ratio  of  the  shaded  area  representing  the  trans- 
formed heat  Hy—H,,  to  the  total  heat  imparted  //■,,  does  not  dif- 
fer very  materially  from  that  of  the  ideal  cycle.  The  fact  that  in 
the  steam  engine  the  heat  actually  transformed  is  little  more  than 
half  this  amount  indicates  that  the  actual  heat  graph  representing 
the  physical  changes  is  considerably  modified  in  practice.  .  It 
would  be  entirely  foreign  to  our  purpose  to  follow  up  these  modi- 
fications in  which,  as  you  know,  the  cylinder  walls  play  a  lar^ 
part 


Fiy.  8 


Ftg.  9 


Rg^iO 


Rf  II 


In  Figure  7  we  have  the  heat  graph  when  the  steam  is  super- 
heated.    In  this  case,  after  vaporization  has  been  completed  at  2, 
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further  additioo  uf  heat  causes  a  rapid  rise  in  temperature,  the 
curve  from  2  to  2'  being  much  .steeper  than  that  from  4  to  i,  since 
addition  of  equal  quantities  of  heat  increases  the  temperature  of 
steam  nearly  twice  as  much  as  that  of  water. 

In  this  case,  if  we  take  2'  as  the  highest  temperature,  the  ratio 

JJ      __^    Tt  y  'p 

-~^rr — ^  will  be  very  much  smaller  than  the  ratio  — ^~j^  ^^^ 
the  introduction  of  a  material  improvement  in  the  steam  engine 
may  result  in  an  apparent  diminished  relative  efficiency.  From 
this  it  is  apparent  that  the  relative  efficiency  obtained  by  compari. 
son  with  the  "Carnot"  cycle  conveys  very  little  information  as 
to  the  real  efficiency  of  the  engine  or  the  possibilities  and  condi- 
tions of  improvement  If,  however,  we  make  a  graph  of  the  heat 
changes  we  obtain  a  closed  area  corresponding  to  th*  indicator 
diagram  and  representing  the  maximum  amount  of  convertible 
heat  for  that  particular  cycle.  More  than  this  we  see  clearly  what 
changes  in  the  cycle  are  necessary  to  increase  this  area  for  a  given 
amount  of  supplied  heat. 
There  are  thus  at  least  three  efficiencies : 


(l)  The  actual  represented  by  the  value  of 
\-H 
H 


the  ratio  — '  .      '  experimentally  deter- 


mined. 

(2)  The  ideal  represented  by  the  ratio  — j. — 

(3)  The  possible,  represented  by  the  maximum 
area  enclosed  by  the  heat  graph  of  the 
cycle  employed. 

In  the  oil  engine  the  first  has  a  value  ranging  from  10%  to  18^, 
the  second  varies  from  65^  to  So^,  while  the  third  has  a  range  of 
from  30%  to  40^  only.  By  comparing  the  first  and  third  of  these 
it  will  be  seen  that  the  oil  engine  is  little,  if  at  all,  inferior  to  the 
steam  engine,  and  that  any  material  increase  in  efficiency  must  re- 
quire a  modiScation  of  the  cycle  in  use,  making  it  conform  more 
closely  to  the  ideal  cycle. 

You  will  have  noticed  that  in  the  heat  diagram  the  ordinates 
represent  absolute  temperatute,  but  no  name  has  been  given  to  the 
abcissas.  These,  of  course,  indicate  entropy,  and  the  diagram  is 
simply  a  graphical  representation  of  the  second  law  of  thermody- 
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namics,  embodied  in  the  expression  dH^TdS,  just  as  dW=PdV 
is  represented  by  the  indicator  diagram. 

Moreover,  for  perfect  gases  the  relation  between  these  pairs  of 
coijrdinates  are  very  simple  and  we  pass  readily  from  one  to  the 
other.  On  the  temperature  entropy  diagram  all  the  lines  required 
for  an  elementary  study  of  the  subject  are  either  straight  lines  or 
definite  curves  that  can  be  cut  out  once  for  all.  Adiabatics  and 
isothermals  are  obviously  vertical  and  horizontal  lines  respectively, 
and  it  can  very  easily  be  shown  that  when  the  temperature  ordin- 
ate sweeps  out  an  area  proportional  to  the  rise  in  the  temperature 
(which  is  the  case  when  the  specific  heat  is  constant)  its  extremity 
will  describe  a  logarithmic  curve. 

In  the  case  of  an  oil  engine  on  the  "  Otto  "  cycle  the  highest 
temperature  is  reached  partly  by  compression  and  partly  by  the 
addition  of  heat  by  combustion  at  constant  volume.  In  Figure  8 
compression  raises  the  temperature  from  4  to  i  ;  and  I  to  2  marks 
the  rise  in  temperature  in  consequence  of  the  addition  of  heat  at 
constant  volume,  the  amount  of  which  is  represented  by  the  area 
swept  out  by  the  vertical  line  in  traveling  from  t  to  2.  From  3  to 
3  the  temperature  is  reduced  without  addition  or  removal  of  heat 
(adiabatic  expansion).  The  expansion  is  continued  until  the 
initial  volume  is  reached,  or  the  point  3  lies  upon  a  line  of 
constant  volume  drawn  through  4.  The  shaded  area,  as  in  the  pre- 
vious case,  represents  the  total  amount  of  heat  which  it  is  possible 
to  convert  into  work  in  the  "Otto"  cycle.  If  we  draw  horizontal 
lines  through  the  points  2  to  4  we  obtain  the  rectangle  repre- 
senting the  available  heat  for  an  ideal  engine  working  between  the 
same  temperature  2  and  4,  The  difference  between  these  areas 
indicates  very  clearly  the  absurdity  of  applying  the  "  Camot"  ratio 
to  the  "  Otto  "  cycle  engine.  All  the  facts  and  possibilities  of  this 
cycle  can  be  read  at  a  glance  from  this  figure.  It  is  obvious  that 
the  efficiency  is  proportional,  not  to  the  difference  between  the 
highest  and  lowest  temperatures,  2  and  4,  but  to  the  difference  be- 
tween the  temperatures  produced  by  compression  (l)  and  the 
initial  temperature  4.  From  this  it  follows  that  the  efficiency  of 
the  theoretical  "  Otto  "  cycle  can  be  increased  to  any  desired  de- 
gree by  increasing  the  compression.  It  does  not,  of  course,  follow 
that  this  would  be  true  in  actual  practice. 

The  gain  by  complete  expansion  is  seen  in  Figure  g.  The  expan- 
sion, instead  of  stopping  at  the  point  3,  is  continued  till  the  at 
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mospheric  pressure  is  reached.  At  the  point  4  the  gas  is  also  at 
atmospheric  pressure,  and  a  line  of  equal  pressure  drawn  through 
this  point  will  be  less  steep  than  the  line  4-3,  since  the  specific 
heat  of  air  at  constant  pressure  is  greater  than  at  the  constant 
volume.  This  line  will  cut  the  vertical,  2-3,  at  the  point  5,  and 
the  additional  work  obtained  by  complete  expansion  is  that  repre- 
sented by  the  triangle,  4-3-5.  Not  only  is  the  available  heat  of 
the  oil  engine  much  less  than  that  of  the  ideal  engine  of  similar 
range,  but  it  is  further  diminished  by  t«'o  circumstances,  the  one 
physical  and  easily  understood,  the  other  chemical  and  somewhat 
obscure.  The  temperature  obtaining  in  the  oil  engine  would  make 
the  cylinder  nearly,  or  quite,  red-hot  and  render  proper  lubrication 
impossible.  Hence  the  necessity  of  the  water  jacket,  which  carries 
away  nearly  one-half  of  the  total  heat  supplied  to  the  engine. 
This  involves  a  great  sacrifice  of  the  available  energy,  but  if  the 
water  jacket  were  suppressed  the  greater  part  of  the  heat  it 
eliminates  would  go  into  the  exhaust. 

The  action  of  the  water  jacket  may  be  seen  in  Figure  10. 
During  expansion  heat  is  removed  to  an  amount  represented  by 
the  area  swept  out  by  the  vertical  in  travelling  to  the  left  from  2 
to  6.  The  area  of  available  energy  is  diminished  by  the  triangle, 
2-3-6,  and  the  exhaust  heat  is  diminished  by  the  area  swept  out 
by  travelling  from  3  to  6.  This  latter  quantity  of  heat  belongs 
to  the  exhaust  or  rejected  heat,  and  it  is  immaterial  whether  it 
passes  out  in  the  jacket  or  the  exhaust. 

The  sum  of  these  two  does  not  represent  the  fif^y  per  cent,  of 
jacket  heat,  for  a  large  part  of  this  is  taken  up  during  the  exhaust 
stroke.  The  point  6  can  be  determined  when  the  final  tempera- 
ture or  pressure  of  expansion  is  known  and  the  two  areas  in  ques- 
tion would  be  ascertained  with  sufficient  accuracy  by  drawing  a 
straight  line  from  2  to  6.  On  the  indicator  digram  this  repre- 
sents an  expansion  line  considerably  below  the  adiabatic  curve. 
But  the  second  circumstance  has  an  opposite  effect,  and  the 
combination  generally  results  in  throwing  the  actual  expansion 
line  above  the  adiabatic.  The  reference  here  is  to  be  retarded 
combustion.  It  is  found  that  at  the  moment  of  ignition  the  theo- 
retical temperature  2  of  Figure  8  is  not  obtained  and,  consequently^ 
only  the  heat  due  to  partial  combustion  is  applied  along  the  line, 
1-3,  the  remainder  being  added  during  the  expansion.  Figure  11 
represents  this  phenomenon ;  the  first  ignition  supplies  heat  from 
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I  to  7,  and  the  expansion  line  is  carried  out  of  the  vertical  over  to 
8,  by  the  subsequent  addition  of  heat.  If  the  area  by  the  path 
1—7-8  is  the  same  as  that  from  i  to  2,  the  combustion  is  com- 
plcled  at  the  end  of  the  stroke.  If  it  is  less,  then  unconsumed  oil 
is  passed  out  with  the  exhaust.  The  positions  of  both  the  points 
7  and  8  depend  on  a  variety  of  circumstances,  the  most  important 
being  the  proportion  of  oil  to  air  at  the  time  of  ignition. 

In  order  to  trace  heat  changes  corresponding  to  an  actual  dia- 
gram it  is  necessary  to  establish  the  relations  between  P.V.T.  and 
S.    The  two  equations  : 

PV~RT 
5— nlog./'+ wlog,  V, 

where  m  and  «  are  the  specific  heats  at  constant  pressure  and  vol- 
ume respectively,  enable  us  to  pass  readily  from  the  one  system 
to  the  other.  An  actual  indicator  diagram  from  a  "  Hornsby- 
Akroyd "  engine  is  given  below  and  the  value  of  T  and  S  have 
been  calculated  for  ten  points  on  the  curve  K. 


P.  V. 

T. /T.       i 

■«76Logp+(H6LoB.  V. 

s-s. 

, 

1000       1 

6.094 

3 

81 

i.a63       1 

6.149 
0,1  i9 

55 

4 

1. 391       1 

6,154 

5 

706 

6,09s 

-59 

.i89Logp+.a6Lo8.  V. 
6,943 

854 

b 

i,39i 

a.938 

1.404 

2.956 

'°l 

7 
8 
9 

MSB 

30*7 
a.800 
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Some  uncertainly  attaches  itscir  to  the  values  to  be  assigned 
to  m  and  n.  Sy  a  process  of  approximation,  usual  in  this  con- 
nection, and  which  cannot  be  very  lar  from  true,  the  value  of  m 
has  been  taken  at  .246  on  the  compression  curve  and  .26  on  the 
expansion  curve,  while  n  is  taken  at  .176  for  the  compression  and 
.189  for  the  expansion  curve.  One  of  the  conveniences  of  this 
method  of  tracing  the  heat  changes  is  the  fact  that  we  can  draw 
our  diagram  to  any  convenient  scale  without  assuming  any  value 
for  T.  When  subsequently  a  value  is  either  ascertained  by  ex- 
periment or  assigned,  the  scale  of  7"  may  be  written  down.  The 
same  diagram  will,  of  course,  serve  for  any  other  value  of  T  by 
simply  noting  the  change  of  scale. 

In  the  same  manner  ordinary  logarithms  may  be  used  in  calcu- 
lating the  value  of  5  and  any  convenient  scale  in  plotting  the  re- 
sults and  for  numerical  results  the  actual  value  of  the  entropy  scale 
can  be  readily  ascertained.  From  the  table  it  is  evident  the  com- 
pression curve  is  practically  an  adiabatic,  the  slight  accession  of  heat 
from  the  warm  cylinder  sides  during  the  commencement  of  the 
stroke  being  compensated  for  by  the  rejection  during  the  latter 
portion  of  the  stroke  and  both  being  too  small  to  be  shown  on  the 
heat  diagram  on  the  scale  used.  On  the  expansion  curve,  while 
the  bulk  of  the  heat  is  added  at  the  moment  of  ignition,  the  com- 
bustion is  evidently  continued  to  nearly  the  end  of  the  stroke. 
The  heat  due  to  this  retarded  combustion  is  really  greater  than 
the  figures  indicate,  since  during  this  time  heat  has  been  escaping 
through  the  walls  of  the  cylinder.  The  time  at  our  disposal  pre- 
cludes any  further  discussion  of  this  subject,  the  brief  outline  of 
which  must  be  considered  as  suggestive  only. 

In  conclusion  some  explanation  is  due  to  you  of  my  apparent 
trespressing  on  the  subject  of  the  class  room  rather  than  confining 
myself  to  the  practical  application  of  the  oil  engine,  as  you  might 
have  expected.  But  I  am  so  closely  identified  with  a  certain  oil 
engine  and  my  convictions  on  the  subject  are  so  strong  that  I  felt 
it  would  be  impossible  to  do  full  justice  to  the  claims  of  others. 
I  have  chosen,  therefore,  a  neutral  ground,  and  I  think  it  is  not  al- 
together inappropriate  to  call  your  attention  to  a  graphical  method 
of  studying  the  oil  engine,  which,  like  the  engine  itself,  originated 
in  this  country  and,  like  it,  has  been  developed  chiefly  abroad. 
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SUBTERRANEAN  TEMPERATURES  AT  WHEELING, 
W.  VA.,  AND  PITTSBURG,  PA. 

Bv  W.  HALLOCK. 

The  question  as  to  the  conditioas  which  exist  in  the  interior  of 
the  earth  has  always  attracted  much  attention.  The  most  impor- 
tant factor  in  the  solution  of  this  riddle  is  the  determination  or 
estimation  of  the  temperatures  there  existing.  The  British  Asso- 
ciation has  for  years  seized  every  opportunity  to  obtain  data  as  to 
the  rate  at  which  the  temperature  increases  as  the  earth's  crust  is 
penetrated.  Some  of  the  most  recent  and  reliable  contributions 
on  this  subject  are  by  Mr.  E.  Ounker,  of  Halle,  Germany,  and 
were  obtained  from  a  4,170-foot  well  at  Sperenbei^,  not  far  from 
Berlin,  and  a  5,740-foot  well  at  Schladabach,  near  Leipzig. 

Early  in  1891  a  number  of  the  most  enterprising  citizens  of 
Wheeling,  under  the  name  of  The  Wheeling  Development  Co., 
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finished  a  well  near  Wheeling,  on  Bogg'sRua,  on  the  farm  of  Squire 
Keltz.  This  well  was  4,500  feet  deep,  4  J^  inches  diameter  and  dry; 
cased  only  to  i,S70  feet.  The  strata  there  are  nearly  in  situ,  un- 
distorted  and  dipping  only  fifty  feet  to  the  mile.  More  satisfactory 
geological  conditions  can  scarcely  be  im^ined. 

The  well  being  dry,  ordinary  U.  S.  Signal  Service  maximum 
thermometers  were  used,  and  special  tests  showed  that  no  precau- 
tions needed  to  be  taken  to  prevent  circulation  of  the  air.  The 
thermometers  were  lowered  and  raised,  and  depths  measured  by  a 
steel  wire. 

Results: 


DEPTH 

TEMP. 

1                 DEPTH 

TEMP. 

FEET. 

FAHB, 

_„i '^:_._. 

1                  PAHR. 

'3SO 

580.7S 

1             3"S 

880.40 

■  S9I 

70.15 

3"33 

89  .75 

iS9a 

70  .»5 

3375 

93   .10 

'it 

y.K 

3481 
1             36as 

93   60 
[            96.10 

■    jf 

76.85 

3730 

;       97  -55 

77  -40 

3875 

100 .05 

79  .» 
So  .JO 

1             39«o 
4ias 

loi  .75 
1           104  .10 

81  .30 

4300 

;    ;s:a 

XHP 

83.65 

!             4375 

1875 

85  .45 

4461 

1       110.15 

2990 

86  .60 

100 

1         ii^-y> 

These  observations  when  plotted  show  a  slow  increase  for  the 
upper  half  of  the  uncased  portion,  about  1°  F,  for  80  to  90  feet, 
whereas  the  lower  part  shows  a  more  rapid  increase,  about  1°  F. 
for  60  feet;'  the  whole  series  giving  a  well-defined  and  regular 
curve,  with  a  slight  deflection  at  2,900  to  3,000  feet  where  oil  sand 
occurs.  Practically  all  the  rest  of  the  uncased  well  is  in  shale. 
The  increase  in  the  rate  at  which  the  temperature  rises  as  the 
bottom  is  approached  can  only  be  temporary  or  we  should  have 
an  inconceivable  or  improbable  state  of  temperature  at  compara- 
tively slight  depths. 

The  two  distinct  series  of  observations  combined  in  Table  I.  no- 
where disagree  more  than  0°.3  F.  and  hence  may  be  looked  upon 
as  very  reliable  and  accurate. 
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Table  II.  g^ves  a  comparison  of  the  results  at  the  four  great  wells. 
TABLE  ir. 


HAUE  OF  WRLL  AND 
LOCATION. 

|0  FAHK. 

DEPTH. 

TBMPEKATUKE 
AT  TOP. 

AT  BOTTOM. 

Schl.d»b.ch,  nor  Leipiig 
Wheeling  Development  Co. 
Top  and  greatest  depth* 
Mean  of  lower  3,000  feet 
Fittsburi^  P^cr  s  Cre^k 

74-3 
75-4 

4170  ft. 

S740 

4500 

S3« 

47O.8  Fahr. 

SI  -9 
S'  -3 
S'  -o  <0 

ii80.6FahT. 
'3S  S 
110  .3 

A  series  of  observations  in  a  coal  mine  near  the  well  gave  as  a 
very  probable  value  of  the  temperature  of  the  top  invariable  stratum 
51^.3  Fahr.  From  the  mean  annual  temperature  of  Marietta  and 
Steubeoville  as  reduced  by  Schott  it  might  be  taken  at  5I°.5  Fahr. 

Samples  of  air  were  taken  at  the  bottom  of  the  well,  but  their 
subsequent  analysis  revealed  nothing  of  especial  interest. 

This  well  was  drilled  by  T.  S.  Kinsey  and  his  two  sons,  of  Wells- 
burg,  W.  Va. 

When  the  observations  of  1S91  were  finished,  an  oak  plug  was 
driven  into  the  top  of  the  casing  and  thus  the  hole  protected.  In 
July,  1 893,  the  hole  was  opened,  and  it  was  found  full  of  fresh  water 
to  within  forty  feet  of  the  top,  having  leaked  full  in  something  less 
than  two  years.  Those  who  should  know  have  no  doubt  that  this 
water  has  entered  at  the  lower  end  of  the  inner  casing,  i.  e.,  at 
1,570  feet  below  the  surface. 

It  was  very  desirable  to  obtaining  a  series  of  temperatures  with 
the  water  in  the  well,  to  discover  the  extent  to  which  its  circula- 
lation  would  or  does  affect  the  distribution  of  temperature  in  the 
hole. 

The  ordinary  signal  service  mercurial  maximum  thermometers- 
were  used,  inverted,  as  in  1891.  They  were  enclosed  in  a  heavy, 
sealed  glass  tube  to  protect  them  from  the  pressure  of  the  water, 
and  were  used  in  pairs  and  aH  corrections  applied.  The  two  al- 
ways agreed  within  0°.2  P.,  except  once  at  2,669  feet,  when  one 
evidently  failed  to  record  correctly.  Two  thermometers  were 
in  an  iron  bucket,  three  feet  long  and  three  inches  in  diiameter 
at  the  end  of  the  wire,  and  two  were  in  an  open  wire  frame,  two 
hundred  and  sixty  feet  from  the  end  of  the  wire.  The  temperatures 
at  depths  of  one,  two  and  three  hundred  feet  were  determined  with 
other  thermometers  separately  lowered  from  the  top  of  the  well. 
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The  results  are  given  in  Table  III.  The  first  column  contains 
the  depths  in  feet;  the  second,  the  corresponding  temperatures  in 
d^rees  Fahrenheit,  as  they  were  found  July,  1893.  In  column 
three  are  the  temperatures  interpolated  from  Table  I.,  as  found  in 
July,  1891.  The  last  column  gives  the  differences,  or  rise  in  tem- 
perature, in  the  well  in  two  years. 

At  3,200  feet  an  obstruction  occurs,  which  I  was  not  able  to  re- 
move with  the  available  tools,  and  which  temporarily  prevented 
an  investigation  of  the  lower  i  ,300  feet  of  the  well .  A  glance  at 
the  fourth  column  in  Table  III.,  shows  that  the  temperatures  in 
water  in  1893  are  practically  identical  with  those  in  air  in  1891. 


Tempemtnres 

in  FRiireDheit 

1893- 

1893. 

189 1. 

.891. 

^ 

S»°-SJ" 

3" 

SS03 

IS86 

70.13 

7^-15 

—0.03 

igai 

739| 

73-83 

+.13 

Si 

75-4a 

—14 

77-93 

+.20 

79-54 

7945 

0(^ 

sn 

83-39t 

81-15 
82.75 

0.06 
a64t 

84.56 

SJ-*' 

ZH 

87.42 

3.96 

89.27 

89^30 

—.03 

Only  once  docs  the  difierence  amount  to  o°2.  Fahrenheit,  and 
these  differences  show  no  evidence  of  a  warming  in  the  top  and 
cooling  in  the  bottom,  as  we  would  naturally  expect.  It  seems  to 
me  we  are  thus  compelled  to  believe  that  there  is  not  an  appreci- 
able circulation  even  of  water  in  a  hole  of  five  inches  diameter. 

The  Forest  Oil  Company,  of  Pittsburg,  Pa.,  are  at  present  at 
work  upon  a  well  which  is  already  the  deepest  on  this  continent 
and  the  third  in  the  world,  and  will  be  raised  to  the  second  place 
if  care  and  enterprise  can  do  it.  It  is  already  the  deepest  ever 
drilled  with  a  cable,  its  rivals  in  East  Prussia  having  been  put 
down  with  rotating  diamond  core  drills,     llie  well,  in  February, 

'Probable  terapeislnrc  atone  hundred  feet, from  other obseTvation*,  5to.3a 

I  Or  more  ptobablr,  830.87  and  -f-oO.ia. 
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1897,  is  5,386  feet  deep,  about  6j^  inches  in  diameter  of  casing, 
which  is  only  a  liltlc  over  900  feet  in  depth.  The  well  is  dry  and 
has  an  inlet  of  gas  at  a  depth  of  2,285  J^^t- 

The  geological  conditions  of  this  well  are  almost  identical  with 
those  at  Wheeling.  The  well  is  on  Peter's  Creek,  on  the  farm  of 
Wm.  Bedell,  about  ly^  miles  west  of  West  Elizabeth  and  about  12 
miles  south  south-east  of  Pittsburg. 


Mr.  Young,  the  vice-president  and  manager  of  the  Forest  Oil 
Company,  has  very  kindly  consented  to  the  use  of  the  well  for  the 
investigation  of  the  underground  temperatures  at  that  place,  and 
hence  we  have  here  a  rare  chance  for  obtaining  more  data  as  to 
the  interesting  question  of  earth  temperatures. 

Mr.  E,  E.  Crocker,  the  superintendent  of  that  section,  went  with 
-me  to  the  well  and  was  of  the  greatest  assistance,  both  with  advice 
and  hands.  The  drillers  also  contributed  in  a  large  degree  to  the 
ease  and  success  of  the  expedition.  It  is  indeed  gratifying  to  find 
"  practical  men  "  so  interested  in  scientific  questions  and  so  willing 
to  put  up  with  what  to  them  must  appear  as  useless  trifles.     The 
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actual  work  at  the  well  is  in  the  hands  of  S.  W.  Colman,  H.  A. 
Stroup,  Clif.  Young  and  Eugen  O'Brian ;  Mr.  Kegan  having  direct 
supervision  of  the  wells  in  that  particular  district.  It  would  be 
difficult  to  find  a  lot  of  men  better  quallified  to  "  break  the  record," 
and  carry  this  well  to  its  utmost  depth. 

The  thermometers  were  lowered  upon  a  steel  tape  marked  every 
50  feet,  which  was  wound  up  upon  a  spool  attached  to  the  shaft  of 
the  engine. 

A  pair  of  readings  were  made  at  2,250  and  2,350  feet,  i.  e.,  just 
above  and  Just  below  the  inlet  of  gas.  The  reading  at  2,350  feet 
was  about  78°  Fahrenheit,  which  agrees  well  wiih  the  same  depth 
at  Wheeling,  but  the  thermometers  could  not  be  left  down  long 
enough  to  give  a  thoroughly  satisfactory  reading.  The  thermom- 
eters at  2,250  feet  indicated  a  cooling  due  to  the  expansion  of  the 
gas  amounting  to  about  14°. 

Four  thermometors  were  lowered  to  a  depth  of  5,000  feet  at 
S  p.  M.  on  the  5th  of  February  and  taken  out  at  9  a.  m.  on  the  6th  ; 
they  gave  a  record  at  that  depth  of  120.9°.  This  means  a  tem- 
perature of  about  127°  at  the  bottom,  5,386  feet  below  the  surface 
of  the  earth. 

A  careful  comparison  of  this  record  with  the  Wheeling  tempera- 
tures will  show  that  the  two  are  almost  identical  for  the  same 
depths ;  for  example,  extcrpolating  from  the  Wheeling  well  to 
5 ,000  feet  we  get  1 1 9.6°  as  against  1 20,9°  at  Pittsburg. 

Science  is  indebted  to  Professor  I.  C.  White  for  the  diversion  of 
the  Wheeling  and  Pittsburg  wells  into  scientific  channels,  and  the 
U,  S.  Geologi'cal  Survey  has  generously  contributed  toward  the 
payment  of  the  expenses  incident  to  these  investigations. 

In  the  late  spring  or  early  summer  it  is  hoped  that  a  fuller 
record  of  the  temperatures  in  the  well  can  be  obtained. 

The  well  which  stands  without  a  peer  on  earth  is  at  Paruscho- 
witz,  near  Reibnik,  In  Eestern  Silesia.  More  than  two  years  ago  it 
was  over  6,500  feet  deep,  and  it  was  the  intention  to  go  about  8,800 
feet  (2,700  meters).  No  recent  report  has  been  had  from  it,  and 
temperature  observations  were  not  to  be  commenced  until  the  well 
was  finished.  We  may,  however,  rely  upon  the  Germans  to  give 
us  a  thorough  and  trustworthy  record,  when  the  time  comes. 
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DETAILS  OF  MODERN  WATER  WORKS  CONSTRUC- 
TION* 
By  WOLCOTT  C.  FOSTER. 

Part  V.  Service  Connections  ;  Tapping  Machines. 
Service  Connections.  The  branch  pipes  leading  from  the  street 
mains  into  the  buildings  of  consumers  are  usually  termed  "  service 
connections,"  "  service  pipes  "  or  "  services."  The  size  of  the  con- 
.  necting  pipe  depends,  of  course,  upon  the  probable  consumption  of 
water.  For  ordinary  household  use  pipe  is  generally  from  J^  inch 
to  ^  inch  in  diameter.  For  mills,  factories,  etc.,  it  may  sum  up 
as  high  as  8  inches  or  larger,  though  this  is  exceptional.  The 
large  services  are  connected  with  the  mains  by  a  special,  small  ser- 
vices by  a  corporation  cock,  described  in  Part  III.,  Vol.  XVI., 
p.  140.  The  material  generally  used  for  small  service  connections 
is  either  galvanized  iron  or  lead  pipe,  though  other  kinds  of  pipe 
have  been  used  to  a  greater  or  lesser  extent,  such  as  tin-lined 
lead  pipe,  lead-lined  iron  pipe,  cement-lined  pipe,  rustless-iron 
pipe  or  pipe  treated  so  that  the  surfaces  are  covered  with  the 
black  oxide,  tarred  pipe,  etc.  When  galvanized-iron  pipe  is  used 
it  is  well  to  make  the  connection  between  the  main  and  the  cellar 
wall  as  shown  in  Fig.  75.     First  the  corporation-cock  is  screwed 


Fig.  js-    ferrice  Pipe  Connertton. 


•COpyrighi,  1897,  by  W.  C  Foster. 
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into  the  top  of  the  main  or  the  side  near  the  top.  This  is  con- 
nected by  means  of  a  union  and  "  wiped-joint "  with  a  short  length 
of  lead  pipe,  to  the  other  end  of  which  ts  attached  a  soldering 
nipple  by  a  second  "  wiped-joint."  This  short  piece  of  lead  pipe 
is  known  as  a  "goose-neck"  and  is  shown  enlarged  in  Fig.  76. 


Fig.  75.     Goose  ^feck. 


Goose-necks  with  soldering  nipples  and  couplings  attached  can  be 
purchased  ready-made.  The  free  end  of  the  soldering  nipple  is 
threaded  and  is  connected  with  the  iron  pipe  by  a  coupling.  At 
the  curb  the  iron  pipe  is  cut  and  a  service  cock  (Part  III.,  Vol. 
XVI.,  p.  140)  inserted.  The  service-cock  is  protected  by  a  cast- 
iron  service-box.  This  cock  is  inserted  for  convenience  in  con- 
trolling the  water  supply  to  the  consumer.  In  case  of  a  leak 
in  the  house,  or  in  case  it  ts  desired  to  stop  the  supply  for  the 
non-payment  of  rent  or  other  reason,  the  water  can  be  shut 
olT  at  this  point.  Just  inside  the  cellar  wall  a  stop-cock,  Fig. 
77,  with  a  waste  vent  draining  the  pipes  in  the  house  should  be 


Fio.  77.    Slop  Cock  With  Wiste. 

placed.  When  meters  are  used  the  arrangement  shown  in  Fig. 
78  for  use  inside  the  cellar  is  a  very  good  one.  When  it  is  neces- 
sary to  make  a  comparatively  large  service  connection,  such  as 
'K  inch  or  2  inch,  the  connection  with  the  main  may  be  made 
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Fig.  7S.  Meier  Service, 
either  with  a  single  tap  or  by  a  manifold  and  several  smaller  taps, 
always  bearing  in  mind  that  the  areas  of  pipes  are  proportional  to 
the  squares  of  their  diameters,  in  finding  the  number  of  taps  to 
use.  Thus  supposing  it  is  desired  to  connect  a  2-inch  service  pipe 
with  the  main  by  taps  having  a  clear  area  of  ^  inch,  then  2  inch 
or  J.  squared  =:  fj  and  \  squared  =  ■^^,  then  Y  =  7i  o""  ^  |-incb 
taps.  Each  tap  should  be  connected  with  the  manifold  by  a  goose- 
neck, and  it  is  advisable  to  put  the  taps  in  the  main  spirally.  The 
manifold  may  be  made  up  of  T  's  and  short  nipples,  as  in  Fig.  ^% 


Eia,  79.     Mtde-up  Manifold. 
Or  instead  of  using  a  made-up  manifold  a  specially  manufactured 
manifold  may  be  employed.     These  manifolds  are  of  brass  for  use 
with  either  iron  or  lead  pipe  and  the  following  sizes  are  kept  in 
stock : 

Table  X. — Stock  Manifolds. 


^S,^£<^ 

raimelcT  of  S«r 

No.  of  Bnni^hci 

"•r^cji.^ 

NiniKofSsTiu-pift 

1 

'X 

a 

Wiped  joiDt 

Wiped  joint 

3 

4 

"X 

SoHering  onion 

i 

>>4 

3 

i 

»>i 

8 

Wiped  joint 

Swew  joint 

9 

«>^ 

6 

Soldering  onion 

■.               B 

10 

3 

"           " 

"        " 
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Titt.  manifolds  are  designed  with  a  view  to  using  i-inch  cor- 
poration cocks  for  connecting  with  the  main.    Fig.  80  shows  a 


Fig.  So.    No.  8  Manifold  Connected  With  Mftin. 

No.  8  manirold  connection  ready  for  a  3-ifich  service  pipe,  though  it 
would  be  preferable  to  stagger  the  service  cocks  or  to  place  them 
spiraliy. 

Tabic  XI.  gives  the  details  of  galvanized  pipe  used  for  service 
connections  and  Table  XII.  the  same  for  lead  pipe. 


Table  XI, — Galvanized  Iron  Service  Pipe. 


Diameter  laches. 

Weight  per 
Foot.    Lbs. 

No.  of  Tbreasd 

per  Inch  of 

Screw. 

Nominal 
latema]. 

Actual 
EatentaL 

Actual 
Iniemal. 

Gallons 
per  Foot 

yi 

0.84 

aCaj 

0.837 

0.0101 

X 

1.05 

0.834 
1.048 

;a 

•U 

0.0480 

<x 

1.38 

»a44 

"'>i 

0.0638 

•a 

1.6JS 

"14 

0.0918 

iW. 

ra 

3.S09 

itj4 

0.163. 

S.739 

o:^^3 

.  ' 

3-S 

3."«7 

7.S36 

8 
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-Lead  and  Tin-uned  Lead  Service  Pipes. 
Weight  per  foot. 


J^J^"    AAA.    ji     AA.     !       A.        1         B. 

^-    il   "•    !:  ^■ 

1         ,'        ■           i          1         ',         1 
Ita-loa.    lbi.lo».||  IbE.'<>is.|' lb..'oa. 
%       3  1    o  .    a  .    0       I   ,  n       .    <    4 
M  1    3       8  ,     a      la  :    a       8  r    a   i    o 
X  ,    4      "  ,    3   !    8  1     3  1    0  ■     »  .    4 
I          6  1    o  1,    4      la       40.3       4 
ij<  1    6  1  III     5   1  "f    4  ,  "■,    3  1" 

!iii.si;i  lit!, s^ifi,; 

a      I  II    ^  la  ^     9  1    0  ,t    8  ;    3  1,    7   '    0 

1 

,1 

on.  '  lbs. 

V  \ 

8  '    a 
4  1     3 

<^  ■  "^- !  °^ 

4   '     '  '     0 
0.     I  ,    8 

ii|v 

A  few  cities  use  cast-iron  service  connections.  For  this  purpose 
a  special  pipe  of  small  diameter  is  cast.  The  outside  diameter  is 
the  same  as  the  outside  diameter  of  wrought-iron  pipe,  but  the  in- 
side diameters  do  not  correspond.  It  is  made  in  this  way  in  order 
that  the  same  fittings  may  be  used,  if  desired,  as  are  used  for 
wrought-iron  pipe.  The  pipe  is  named  the  same  as  the  size  of  the 
wrought-iron  pipe  that  the  fittings  are  made  for,  thus  what  is  known 
as  i^-inch  cast-iron  pipe  takes  the  same  fittings  as  ij^-inch 
wrought-iron  pipe,  has  the  same  external  diameter  as  the  latter, 
but  not  the  same  internal  diameter.  The  pipe  is  made  in  lengths 
of  7  feet  for  the  i^- inch  and  2-inch  sizes,  and  in  12-foot  lengths 
for  the  larger  sizes,  with  either  screwed  ends  for  use  with  wrought- 
iron  pipe  fittings,  or  with  hub  and  spigot  ends  for  the  ordinary 
lead  joints.  Table  XIII.  gives  the  details  of  the  various  sizes  of 
this  pipe. 

Table  XIII Small  Sizes  of  Cast-Iron  Pipe. 


Trade 
Size. 

Noninitl 
Inside 
DUmeier. 

Sl-8 

1 

Acluil 
OuUide 
DUmewr. 

Nomintl 
Thicknest. 

P™^t'. 

l^nethiD 

Feet 

4 

1.M 

1.90 

4.00 
4.50 

4-So 

5t« 

5-16 

»8 
5.16 
.116 

s 

4 

mi 

to 
IS 

1 

\ 
A 

19 

19 

u 

19 
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The  light-weight  pipe  is  not  coated  unless  it  is  so  ordered.  The 
heavy-weight  pipe  is  coated  inside  and  outside  with  coal-tar  vamish. 
Light-weight  pipe  is  tested  to  150  pounds  per  square  inch,  and 
heavy  pipe  to  300  pounds  per  square  inch.  The  advantage  of  cast- 
iron  pipe  over  wrought-iron  for  service  connections  lies  in  its  great 
durability.  The  use  of  this  pipe  is  not  very  extensive  as  yet,  as 
it  has  but  recently  been  pldced  on  the  market. 

Tapping  Machines.  The  mains  may  be  tapped  either  dry  or 
under  pressure.  If  tapped  dry  or  with  the  pressure  shut  off  the 
tools  required  are  simple  and  cheap,  being  a  ratchet  drill,  with 


Fig.  81.    Appiratus  For  Dry  Tapping. 

crow,  a  tap  or  threading  tool  and  a  monkey  wrench.  Fig.  81 
shows  a  dry-pipe  tapping  machine. 

Of  recent  years,  however,  tapping  under  pressure  has  come  into 
vogue  very  generally,  and  a  water  works  is  hardly  considered  com- 
plete now  that  has  not  facilities  for  such  work.  By  this  method 
the  water  does  not  have  to  be  shut  off  and  none  of  the  consumers 
are  inconvenienced.  There  are  a  number  of  machines  on  the 
market  for  this  purpose,  one  of  which  is  shown  in  Fig.  82,  They 
are  attached  to  the  mains  by  means  of  a  chain,  which  can  be 
tightened  up,  a  thick  gasket  of  rubber  being  interposed  between 
the  machine  and  the  main  to  prevent  leakage.  A  casing  on  the 
machine  contains  a  drill  and  threading  tool  combined,  Fig.  82,  A. 

After  the  machine  has  been  properly  attached  to  the  main  the 
drill  is  moved  into  position  and  the  hole  bored  and  threaded. 
The  drill  and  tap  are  then  backed  out  and  the  gate,  C,  closed.  The 
top  is  then  removed,  the  drill  and  tap  taken  out  of  the  spindle  and 
the  plug,  B,  inserted  in  the  spindle.     The  corporation-cock  after 
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Fig.  82.     Machine  For  Tapping  Under  Pressure, 
having  been  closed  is  screwed  on  to  the  plug,  B,  and  the  top  of  the 
machine  replaced,  the  by-pass,  D,  and  then  the  gate,  C,  opened  and 
the  cock  screwed  into  the  main.    The  machine  is  then  removed 
and  the  corporation-cock  screwed  up  tight  with  a  wrench. 

While  the  other  machines  on  the  market  all  differ  in  details,  still 
they  all  accomplish  the  same  ends.  In  addition  to  the  advantages 
named  above,  the  trench  is  kept  dry  and  the  workmen  are  not  in- 
convenienced. 

Many  towns  and  companies  set  aside  one  or  more  certain  days 
in  the  week  for  tapping,  and  will  not  do  it  at  other  times.  No  one 
but  the  person  regularly  employed  to  make  the  taps  should  be 
allowed  to  make  any  connection  whatever  with  the  mains.  Any 
work  done  upon  the  mains  should  only  be  done  by  the  regular 
employees,  for  that  purpose,  of  the  department  or  company.  The 
plumber  employed  by  the  consumer  digs  the  ditch  and  has  every- 
thing in  readiness  for  the  tapper,  whose  work  ends  with  the  putting- 
in  of  the  corporation-cock.  A  charge  is  usually  made  for  the 
cock  and  tapping,  and  it  is  frequently  the  custom  for  the  company 
or  department  to  furnish  the  service-cock  and  box  and  the  cock  for 
the  cellar  at  established  prices;  in  order  to  insure  uniform^. 

A  complete  record,  giving  all  details,  should  be  kept  of  every 
tap  and  connection  made. 
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A  FEW  HINTS  TO  STUDENTS  OF  IRRIGATION  ENGI- 
NEERING. 

Bv  A.  M.  RYON,  E.  M. 

If  ever  an  accounting  of  good  works  is  made,  the  engineering 
profession  will  not  be  found  in  the  back  row  ;  but  if  by  chance 
the  designers  of  iron  and  steel  work  for  high  buildings  should  be 
found  on  the  doubtful  bench,  assuredly  they  will  not  have  the 
company  of  irrigation  engineers  to  console  them.  It  is  difficult  to 
imagine,  from  a  professional  standpoint,  a  more  satisfactory  work 
than  the  conversion  of  an  arid  desert  into  fertile  fields  with  the 
accompanying  population  and  improvements. 

In  the  United  States  much  work  of  this  nature,  involving  no 
great  amount  of  engineering  skill,  has  already  been  done  in  the 
way  of  running  small  ditches  from  the  streams  and  distributing 
the  water  where  desired.  Many  large  canals  requiring  a  consider- 
able degree  of  engineering  skill  and  experience  for  their  proper 
construction  have  also  been  built,  so  that  the  land  upon  which 
water  may  be  profitably  placed  by  individuals  or  small  companies 
of  limited  means  is  now  becoming  scarce.  The  engineering  work 
of  the  future  will,  therefore,  consist  of  enterprises  involving  the  de- 
sign and  construction  of  canals  of  large  capacity  with  their  ac- 
companying dams,  gates  and  other  fixtures. 

Graduates  from  our  engineering  colleges  receive  a  preliminary 
training,  which,  if  properly  continued  after  graduation,  particularly 
fits  them  to  occupy  prominent  and  permanent  positions  in  this 
great  work  of  reclamation. 

The  irrigation  engineer  should  not  be  content  to  merely  design 
and  construct  these  works,  leaving  the  care  and  management  of 
them  after  completion  to  business  men  or  farmers,  with  a  few 
ditch  tenders  to  assist.  If  the  engineer  would  inform  himself  of 
the  irrigation  laws  and  also  of  the  business  side  of  the  undertaking 
he  might  become  a  more  prominent  figure  in  the  councils  of  the 
Company  and  would  have  a  better  opportunity  to  impress  upon 
the  owners  the  necessity  of  good  management  of  the  property 
when  completed,  as  well  as  what  constitutes  good  management. 

The  average  Westerner  is  obliged  to  rely  upon  his  own  inventive 
powers  to  a  great  extent,  having  no  precedents  to  guide  him  in 
many  matters  ;  this  naturally  makes  him  self  reliant,  and  possibly 
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over-confident  of  his  own  abilities.  It  is  this  feeling  of  confidence 
which  often  impels  men  to  undertake  work  for  which  they  are  not 
fitted  and  which  frequently  results  in  great  and  unnecessaiy  ex- 
pense to  themselves.  Unfortunately,  such  men  arc  often  blind  to 
the  loss,  or  they  consider  that  another  would  probably  have  made 
similar  blunders  under  the  same  conditions.  The  value  of  the 
services  of  a  trained  engineer  is  not  appreciated  in  such  com- 
munities, as  he  is  apt  to  be  regarded  as  a  theoretical  person  who- 
may  be  made  use  of  to  locate  corners  or  run  levels,  but  of  very 
uncertain  value  when  it  comes  to  "practical"  matters.  We  can- 
not blame  the  Westerner  for  this  attitude,  as  he  is  more  familiar 
with  the  surveyor  than  with  the  engineer,  and  the  distinction  be- 
tween the  two  is  not  always  clear  to  him.  This  state  of  affairs 
naturally  prejudices  the  interest  of  the  engineer  and  makes  it  nec- 
essary for  him  to  demonstrate  his  value. 

However,  it  is  comforting  to  know  that  every  day  brings  in. 
creased  recognition  in  the  West  of  the  value  of  the  services  of  the 
irrigation  engineer,  not  only  as  a  designer  and  constructor,  but  as 
general  manager  for  large  irrigation  works. 

At  first  sight  projects  for  the  reclamation  of  arid  land  present 
rather  an  alluring  appearance  to  the  speculative  capitalist ;  a  closer 
inspection,  however,  is  apt  to  have  a  dampening  effect.  A  con- 
siderable amount  of  labor  and  close  figuring  is  apt  to  result  in  fair 
profits  to  the  investor,  but  excessive  profits  are  difficult  to  realize. 
The  reason  for  this  may  be  seen  from  what  follows. 

The  proper  and  most  satisfactory  organization  is  that  in  which 
the  owners  of  the  land  are  also  owners  of  the  canal  and  water 
'  right.  This  will  be  readily  seen  when  it  is  borne  in  mind  that  the 
land  is  practically  valueless  without  water  in  quantities  sufKcient 
for  irrigation.  In  some  communities  large  districts,  with  all  their 
improvements,  are  bonded  for  the  purpose  of  raising  funds  to 
supply  the  necessary  water.  Often  the  entire  labor  of  construct- 
ing canals  is  done  by  farmers  owning  land  to  be  supplied,  thereby 
receiving  water  privileges  in  return.  These  methods  necessitate 
the  outlay  of  a  comparatively  small  amount  of  ready  money  by 
those  benefited  and  are  entirely  practicable. 

Where  the  canal  is  built  by  capitalists  who  have  purchased  arid 
lands  in  large  quantities,  hoping  to  sell  to  settlers  upon  the  com* 
piction  of  the  work,  thus  necessitating  a  large  outlay  of  money 
which  can  bring  no  return  until  land  is  disposed  of  to  purchasers, 
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failure  will  be  the  probable  result  The  reason  being  that  farmers, 
as  a  rule,  have  but  little  ready  money,  and  those  who  have  money 
prefer  not  to  experiment  by  moving  into  new  and  untried  fields. 
As  a  result  the  interest  charges  on  sums  paid  for  land  and  canal, 
which  bring  little  or  no  return  for  long  periods,  eventually  reach 
such  a  figure  as  to  preclude  the  possibility  of  the  Investor  ever 
realizing  a  fair  retnrn  on  his  investment. 

I  believe  that  it  is  not  outside  the  province  of  the  irrigation 
engineer  to  study  the  conditions  favorable  and  unfavorable  to  the 
success  of  the  project  from  a  financial  as  well  as  from  a  strictly 
engineering  standpoint  and  to  use  this  information  to  warn  bis 
employer  of  pitfalls.  A  good  lawyer  will  not  only  use  his  influ- 
ence to  keep  his  clients  from  calamitous  lawsuits,  but  he  will  also 
place  his  knowledge  of  men  and  affairs  at  the  disposal  of  those 
who  employ  him.  I  see  no  reason  why  an  engineer  should  not 
occupy  much  the  same  position.  A  fee,  no  matter  how  lai^e,  will 
not  repay  a  conscientious  engineer  for  encouraging  a  project,  even 
by  his  silence,  which  is  bound  to  result  in  a  loss  to  those  who  em* 
ploy  him.  Even  if  the  warning  be  disregarded,  there  can  be  but 
little  pleasure  in  looking  back  at  a  work  done  which  failed  in  the 
object  for  which  it  was  commenced. 

In  India,  where  irrigation  works  arc  constructed  by  the  govern- 
ment, and  in  some  portions  of  Spain  and  Italy  we  find  some  very 
substantial  masonry  construction,  such  as  the  engineer  delights  in. 
In  the  United  States,  where  interest  rates  are  high  and  first  cost  a 
prime  consideration,  we  are  obliged  to  use  cheap  material,  which 
brings  the  interest  bill  down,  but  also  brings  the  maintenance  bill 
up.  As  a  rule  financial  considerations  necessitate  a  cheap  con- 
struction of  new  irrigation  plants,  although  more  permanent  con- 
struction may  sometimes  gradually  replace  the  old  work  with 
advantage. 

The  desigrning  of  the  various  details  of  a  canal,  as  well  as  the 
surveys,  is  essentially  an  engineering  problem,  although  it  may  be 
difficult  to  convince  some  ranchmen  that  such  is  a  fact.  We  have 
first  the  reconnoissance,  then  the  preliminary,  and  finally  the  loca- 
tion surveys,  followed  by  the  construction  of  the  canal.  As  a  rule 
the  larger  the  canal  the  more  carefully  this  work  should  be  at- 
tended to.  In  the  case  of  a  ditch  carrying  from  1  cu.  (t.  to,  say, 
10  cu.  ft.  per  second,  these  surveys  may  often  be  advantageously 
combined  in  one  operation.    A  very  common  rule  in  the  West  for 
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small  ditches  is  to  lay  them  out  with  a  grade  of  5^  inch  to  the 
rod,  but  it  is  quite  essential  that  the  slope  be  in  the  right  direction. 
I  have  on  more  than  one  occasion  seen  "  monuments  "  as  results 
of  the  efforts  of  cheap  (?)  surveyors.  The  main  trouble  with 
the^e  "  monuments  "  seems  to  be  that  they  will  only  carry  water 
towards  the  source  of  supply.  It  is  needless  to  say  that  this  sort 
of  surveying  has  resulted  in  several  parties  "  going  broke,"  as  the 
mistake  is  not  apt  to  be  noticed  until  after  the  ditch  is  completed. 

For  the  survey  of  a  small  ditch,  in  the  absence  of  a  wye  level,  a 
straight  edge  one  rod  long,  with  a  small  spirit  level  attached,  is 
often  employed ;  a  small  block  attached  at  the  end  of  the  rod 
serves  to  indicate  the  grade.  Cuts  and  fills  are,  as  a  rule,  avoided. 
If  it  is  desired  to  cross  a  low  place  a  flume  should  be  used,  as 
ditches  placed  in  artificial  banks  are  apt  to  prove  troublesome  by 
reason  of  washouts,  caused  by  leakage  and  by  cattle. 

The  topography  of  the  ground  and  the  character  of  the  soil 
through  which  a  canal  is  to  pass  is  a  matter  requiring  the  careful 
attention  of  the  designer.  In  general  a  steep  side  hill  requires 
a  deep  ditch,  while  a  shallow  construction  may  be  advantageously 
used  on  fiat  ground.  Tunnels  should  have  a  steep  grade  on  ac- 
count of  the  roughness  of  their  sides,  if  unlined,  and  in  order  to 
reduce  their  cross  section  to  a  minimum ;  very  steep  side  hills  will 
require  a  flume,  but,  as  a  flume  involves  a  heavy  bill  for  main- 
tenance,  masonary  may  .sometimes  be  substituted  with  advantage. 

In  the  arid  West  we  frequently  find  a  white  soil,  composed 
mostly  of  silica  and  carbonate  of  lime,  which  may  be  reduced  to 
a  fine  powder  by  rubbing  between  the  fingers.  Although  this 
material  is  so  hard  that  blasting  may  sometimes  be  used  with 
advantage  in  passing  through  it,  contact  with  water  reduces  it  to 
a  condition  approximating  quicksand.  Where  much  of  this  ma- 
terial is  found  on  a  steep  side  hill  the  engineer  would  do  well  to 
change  the  line  of  the  canal,  if  possible,  so  as  to  avoid  the 
difficulty,  otherwise  there  will  be  trouble  ahead. 

Gravel  is  a  material  which  would  impress  many  as  being  partic- 
ularly undesirable  for  a  canal  bank,  on  the  ground  that  a  material 
suitable  for  filtering  purposes  cannot  be  desirable  where  a  water- 
tight construction  is  needed.  This  sounds  reason^le,  yet  we  have 
numerous  examples  of  side-hill  work  in  gravel  which  are  satisfac- 
tory in  every  way.  It  is  true  that  a  gravel  bank  will  allow  lai^e 
quantities  of  water  through  at  first,  but  it  will  not  wash  out,  and 
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where  the  water  carries  si]t,  as  is  generally  the  case  in  irrigation 
canals,  the  openings  are  gradually  filled  on  the  water  side,  and  the 
bank  becomes  tight.  We  will  then  have  a  bank  of  high  specific 
gravity,  not  liable  to  be  perforated  by  animals,  and  one  which 
requires  but  little  expense  for  maintenance. 

These  advantages  will  also  hold  true  for  dams.  As  a  rule  an 
irrigration  canal  is  not  taxed  to  its  utmost  capacity  at  first,  so 
that  the  leakage  at  that  period  is  not  so  objectionable  as  it  would 
be  later. 

Damage  is  frequently  done  to  canal  banks  during  the  winter  by 
the  snow  water  running  down  small  gullies  into  the  canal,  and, 
being  prevented  from  flowing  along  the  canal  by  the  snow  and 
ice,  is  apt  to  make  breaks  by  running  over  the  top  of  the  bank. 
Waste  gates  should  be  placed  at  all  such  places  liable  to  damage. 

During  the  irrigating  season  every  possible  precaution  should 
be  taken  against  a  break  occurring  in  the  canal,  for,  aside  from  the 
damage  to  the  canal  itself  and  the  land  immediately  underneath, 
the  loss  by  reason  of  crops  "  burning  up  "  may  be  very  heavy. 
Constant  inspection  is  the  price  of  security  in  this  direction. 

it  sometimes  becomes  desirable  to  carry  water  down  such  steep 
grades  that  the  high  velocity  generated  will  cause  a  scour.  This 
may  be  obviated  by  the  use  of  drops,  as  described  in  works  on 
irrigation,  or  in  some  cases  the  difficulty  will  gradually  disappear 
without  any  special  precautions  on  the  part  of  the  designer.  As, 
for  example,  where  the  soil  contains  much  gravel  or  where  the 
gravel  subsoil  comes  near  the  surface.  In  such  cases  the  ditch 
will  scour  until  a  certain  depth  is  reached,  then,  owing  to  the  gravel 
bottom,  it  will  continue  to  widen  but  not  to  deepen.  The  resistance 
due  to  friction  being  increased,  while  the  head  and  volume  of 
water  flowing  remain  the  same,  the  velocity  will  be  decreased  and 
the  lining  of  the  ditch  will  become  of  such  a  character  that  no 
further  damage  will  result  The  ultimate  dimensions  may  be  ap- 
proximately calculated  for  any  given  case.  If  there  is  liable  to  be 
damage  by  reason  of  the  deposition  of  sand  at  a  point  lower 
down  the  ditch  or  canal,  precaution  should  be  taken  to  use  a  sand 
gate  before  thf  mischief  is  done. 

The  head-gate  works  are  worthy  of  the  most  careful  attention  of 
the  designer  and  the  superintendent,  as  an  accident  at  this  point 
may  result  in  very  serious  loss.  For  this  reason  it  is  highly  desi- 
rable to  have  two  independent  gates,  either  of  which  may  be  used 
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in  case  or  a  failure  on  the  part  of  the  other ;  this  may  usually  be 
accomplished  by  carrying  the  canal  for  a  short  distance  in  a  di- 
rection approximately  parallel  to  the  direction  of  the  stream  from 
which  the  water  is  taken.  The  down-stream  gate  in  the  canal 
may  be  used  in  case  repairs  to  the  upper  gate  make  it  necessary 
to  shut  olf  the  water  at  that  point.  Where  the  banks  of  a  river  are 
liable  to  be  washed  by  freshets  the  design  of  the  head  works  is 
often  perplexing  and  their  construction  expensive. 

Where  timber  is  used,  as  in  ordinary  practice,  quantities  of  loose 
rock  and  coarse  gravel  are  found  desirable  to  prevent  the  head- 
gate  works  from  Heating  ofT.  This  tendency  to  float  when  the 
gates  are  closed  may  be  corrected  to  a  great  extent  by  placing  the 
gates  as  near  the  down-stream  side  of  the  box  as  practicable,  due 
care  being  taken  to  prevent  the  flowing  water  in  the  canal  from 
scouring  underneath  the  box.  The  gates  themselves  are  usually 
opened  by  inserting  bars  in  openings  in  the  stems  and  prying  with 
a  rock  or  some  block  of  wood  serving  as  a  temporary  fulcrum;  this 
method  is  rather  crude  and  suggestive  of  the  ranch,  but  has  the 
advantage  of  cheapness  and  answers  fairly  well  so  long  as  the 
stems  last,  very  large  canals,  however,  will  warrant  a  more  expen- 
sive construction  which  can  be  relied  upon  not  to  break  at  Just  the 
wrong  time. 

In  the  construction  of  flumes  and  boxes,  no  matter  how  small, 
avoid  the  temptation  to  use  any  planking  less  than  two  inches 
thick.  This  plank  may  be  relied  on  to  warp  and  make  more 
trouble  than  the  saving  in  first  cost  amounts  to.  In  designing 
flumes  see  that  the  side  boards  are  nailed  to  the  bottom  boards, 
rather  than  the  bottom  boards  nailed  to  the  side  ;  this  arrangement, 
although  an  apparently  trifling  detail,  will  save  much  trouble  in 
maintaining  a  tight  joint  at  that  place.  As  many  examples  of  ex- 
cellent fluming  are  illustrated  in  irrigation  and  mining  publications, 
further  comment  need  not  be  made  here. 

The  measurement  of  water  in  the  main  canal  may  be  made  by 
means  of  a  current  meter  in  some  straight  flume  not  likely  to  silt 
up.  Several  measurements  with  varying  volumes  of  water  flowing 
should  be  taken  and  the  height  of  the  water  on  a  permanent  g^age 
noted  for  each  measurement.  Knowing  the  volume  of  flow  for 
each  of  the  different  heights,  a  curve  can  be  drawn  which  will  give 
the  flow  for  any  intermediate  heights.  In  this  way  the  observer 
can  determine  the  flow  at  any  time  by  merely  noting  the  height 
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of  water  on  the  gage  and  referring  to  a  table  compiled  from  data 
supplied  by  the  curve.  As  flumes  have  a  tendency  to  settle,  these 
measurements  should  be  checked  occasionally.  If  a  permanent 
record  showing  the  flow  at  any  hour  of  any  day  is  desired,  a  "  water 
register"  may  be  used.  This  register  consists  of  clockwork  caus- 
ing a  dial  on  a  cylinder  to  revolve,  once  a  day  or  once  a  week,  as 
the  case  may  be,  while  a  float  in  the  water  actuates  a  pen  which 
marks  on  the  dial  the  height  of  the  water. 

Small  sliding  gates  with  a  vertical  motion  are  used  to  regulate 
the  amount  of  water  turned  into  laterals  for  the  use  of  consumers. 
These  gates  are  also  sometimes  used  to  measure,  approximately, 
the  water  flowing  through  them. 

In  many  parts  of  the  West  the  old  fashioned  loose  method  by 
means  of  the  "  miners'  inch  "  or  some  "  statutory  inch  "  based  on 
the  same  principle  is  still  in  use.  The  popularity  of  this  method  of 
measurement  indicates  that  it  is  not  without  advantages;  but  the 
superiority  of  the  weir  for  such  purposes  in  any  but  very  new 
countries  is  evident  to  engineers.  Each  succeeding  year  flnds 
fewer  adherents  to  rule  of  thumb  methods  and  eventually  the 
miners'  inch  will  become  a  thing  of  the  past  in  this  country. 


Golden,  Colo.,  February  14,  1897. 
Editor  of  the  School  of  Mines  Quarterly: 

Columbia  University,  New  York  City. 

In  my  article  on  "  The  Calculation  of  Copper  Matte  Blast-Fur- 
nace  Charges,"  which  appeared  in  Vol.  XVIII.,  No.  i,  of  the 
Quarterly,  there  is  an  error  which  I  would  like  to  have  cor- 
rected. On  page  2  I  state  "  Manganese  replaces  iron  and  renders 
the  slag  extremely  fusible ;  but  lies  considers  Manganese  as  detri- 
mental on  account  of  its  tendency  to  carry  silver  into  the  Slag, 
Church,  however,  does  not  consider  Manganese  as  detrimental  and 
claims  to  have  made  slags  containing  over  43  per  cent.  MnO 
which  were  remarkably  low  in  silver  (0.5  oz.  per  ton)." 

This  should  read  as  follows : 

Manganese  replaces  iron  and  renders  the  slag  extremely  fusible ; 
but  some  Metallurgists  have  considered  Manganese  as  detrimental 
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on  account  of  its  supposed  tendency  to  cany  silver  into  the  slag. 
Ilis*  has  shown  that  this  is  an  eiror  and  that  Manganese  is  quite 
as  good  a  flux  as  iron.  Churcht  claims  to  have  made  slags  contain- 
ii^  over  43  per  cent  MnO  which  were  remarkably  low  in  silver 
(0.5  oz.  per  ton)." 

As  I  have  unintentially  misquoted  Dr.   lies,  I  hope  you  will 
make  this  correction  in  the  next  number  of  the  Quartekly. 
Yours  truly, 

H.  Van  F,  Furhan. 


"  School  of  Mines  Quarterly,  Vol.  V.,  p.  217. 

fTi»iu.Am.  Init,  M.  E.  VoLXV.,  p.613.    School  or  Hikes  Quarterly,  VoL 
v.,  p.  332. 
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ANALYTICAL  CHEMISTRY. 
By  Elwvn  Waiter,  Ph.D. 

Hydrochhric  acid  gas  in  metal  separations.    Mover  (J.  Am.  Chetn.  Soc. 

XVIIL  10J9). 

The  oxides  of  the  different  metals  were  placed  in  a  boat,  indde  a  tube, 
and  dry  HCl  gas  passed  over  them,  heat  being  applied  as  might  be  re- 
quired. 

The  following  results  were  obtained ; 

Sb|Og  complete  volatization  at  150  to  190°  C. 

PbO  complete  volatilizaton  at  325°  C. 

Separating  Pb  from  Sb.  HCl  gas  pased  cold  until  Fb  was  convened 
to  PbCl,,  then  a  gentle  heat  was  applied.  Sb  was  completely  volatilized 
off  in  about  7  hoars. 

BijOj  volatilization  occurred  at  130°  C. 

Separating  Bi  from  Pb.  The  gas  was  allowed  to  act  in  the  cold  for  an 
hour,  then  heat  was  applied.  If  the  temperatuic  was  brought  to  over 
180°  C.  some  PbCl,  volatilized,  A  complete  separation  is  attainable, 
but  the  termination  of  the  different  stages  of  the  reaction  is  not  marked 
definitely  by  phenomena  which  can  be  readily  noted. 

CuO  no  action  at  175°  C.  Moistening  with  HCl  solution  and  then 
heating  for  3  hours  gave  complete  conversion  to  CuCl,.  Without  previ* 
ous  moistening  with  HCl,  the  conversion  was  complete  in  the  course  of 
4  hours. 

Separating  Sb  from  Cu.     Complete  separation  in  8  hours. 

Separating  Bi  from  Cu.  Separation  in  7  hours.  A  sharp  raising  of 
the  temperature  toward  the  end  seemed  advantageous. 

As  was  volatilized  in  the  cold  from  Na^AsgO^ ,  leaving  NaCl. 

Separating  As  from  Cu.     Readily  effected  with  gentle  heat. 

Separating  As  from  Ag.  Reaction  vigorous.  Careful  heating  to 
150°  C.  for  I  to  2  hours  gave  perfect  separation. 

Separating  As  from  Cd.     Separation  perfect  at  150°  C. 

Fe^Og.     Partial  volatilization. 

As  from  Fe.     Separation  imperfect. 

As  from  Zn.    Unsatisfactory  results.     ZnClj  did  not  volatilize. 

As  from  Co  and  Ni.     Satisfactory  volatilization  of  As. 

From  Niccolite  the  As  was  easily  and  completely  separated.  Hibbs. 
(ib.  1044),  has  applied  the  use  of  dry  HCl  gas  in  determining  the  atomic 
masses  of  N  and  of  As. 

Field  and  Smith  (ib,  1051),  have  also  applied  it  to  the  separation  of 
Vd  and  As.  Those  elements  were  obtained  as  mixed  sulphides,  dried, 
and  then  subjected  to  the  action  of  dry  HCl.  Most  of  the  As  was  vola- 
tilized at  ordinary  temperatures.  The  separation  was  made  complete  by 
finally  heating  to  i.i;o°  C. 

Kelley  and  Smith  (ib.  1096)  have  found  also  that  As^Sj,  and  SbjS, 
and  SnSj  can  be  volatilized  in  a  current  of  HBr  gas  under  the  same  con- 
ditions.    SnS  subjected  to  the  action  of  dry  HCl  gas  afforded  SnCl, 
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which  was  not  volatilized.  Attempts  to  separate  stannic  from  Staniious 
compounds  by  this  means,  were  unsatisfactory  in  result. 

Standardising  PermanganaU  Riegler  (  Fres.  Zts.  Anal.  Chem.  XXXV. 
533.)  The  solution  recommended  contains  9.9654  gms.  pure  HjCjO^ 
sHjO  and  50  cc.  cone.  H^SO^  per  litre.  This  solution  will  keep  well. 
1  cc.=  0.005  K"i-  I^jMnjOg. 

Calcium  carbide  as  a  reducing  agent  in  the  laboratory.  Warren. 
(Chem.  News  LXXV.  z.)  The  results  of  a  few  experiments  are  briefly 
noted.  Heated  with  litharge — alloys  of  Ca  and  Pb  were  obtained.  SnO^ 
CuO  or  Fe^O,  treated  in  the  same  manner  afl'orded  similar  results  of  no 
practical  value.  Results  with  oxides  of  Mn,  Ni,  Co,  Cr,  Mo  and  W, 
seemed  more  promising.     Experiments  with  other  oxides  are  in  prepress. 

Aikalimetric  Indicators.  Crismer.  (Bull.  Ass'n.  Beige  X.  aa.)  Re- 
sazurine  is  the  substance  described.  It  is  made  by  dissolving  lo  gms. 
resorciti  in  500  cc.  of  ether,  cooling  to  5°C.  and  adding  8  gms.  fuming 
HNOg  diluted  with  ether.  After  standing  several  days,  crystals  will  have 
separated,  which  can  be  collected.  For  use  dissolve  0.20  gm.  in  40  cc. 
N/i|,NH40H  and  dilute  with  water  to  one  litre. 

It  gives  intense  blue  with  alkalies  and  their  carbonates — (also  with 
boraxj,  and  red  with  acids.     It  is  more  sensitive  than  turmeric. 

Verbiese,  (J.  fabr.  sucre.  XXXVII.  zo.)  Notes  that  solutions  of  some 
indicators  in  alcohol  (  phenol phthalcin  )  often  become  useless  from  for- 
mation of  acetic  acid. 

Calcium  oxalate  precipitation.  Lemvioe.  (Bull,  Ass'n.  Beige,  X.  134.) 
To  avoid  the  difficulties  of  filtering  this  precipitate  off  clear,  which  some- 
times is  a  troublesome  matter,  it  is  recommended  to  add  H^C^Of  to  the 
solution  and  then  HCl  until  the  solution  clears.  Then  boil  and  after  a 
time  neutralize  with  a  slight  excess  of  ammonia.  Boil  ten  minutes  when 
the  precipitate  will  easily  separate  and  give  no  trouble. 

Solubility  of  Barium  Sulphate.  Kiister.  {  Zts.  Anorg.  Chem.  XII. 
a6i.)  The  results  of  Fresenius  and  Hinz  (vid.  Quarterly  XVUI. 
53)  indicate  the  solubility  to  be  i  in  110,000  of  water.  By  testing  the 
electrical  resistance,  the  solubility  is  determined  tobe  i  in  435,000.  This 
result  agrees  with  those  of  Kohlrausch,  Rose,  and  HoUeman, 

Separating  Aluminum  from  Iron.  Gooch  and  Havens.  (Am.  J.  Sci. 
[4]  II.)  It  has  been  noted  that  AlgClj.HjO  is  but  little  soluble  in 
cone  HCl,  while  the  ferric  compound  is  quite  soluble.  Addition  of  a 
sufficient  quantity  of  ether  renders  the  Al  compound  sufficiently  insoluble 
to  aSbrd  a  means  for  quantitative  separation.  The  mixed  chlorides  are 
dissolved  in  as  little  water  as  possible,  strong  cone  HCHs  added  to  make 
the  volume  up  to  15  to  35  cc.,  and  dry  HCl  gas  passed  into  saturation,  the 
solution  being  meantime  kept  cool  by  immersing  the  flask  in  a  current  of 
cold  water.  Then  an  equal  volume  of  ether  is  added,  and  the  mixture  is 
again  treated  with  gaseous  HCl.  The  crystalline  AlClg  is  then  filtered 
off  through  a  Gooch  crucible,  and  washed  with  a  mixture  of  cone  HCl  and 
ether  (saturated  with  HCl  gas).  It  may  then  be  dissolved  in  water  and 
AljO,  determined  as  usual,  or  the  chloride  may  be  covered  in  the  cru- 
cible with  a  little  pure  HgO  after  drying,  and  then  cautiously  ignited  to 
to  AljO,  finishing  with  the  blast. 

Commercial  Aluminum.  Gouihi^re.  (Aon.  Chim.  Analyt.  I.  365.) 
Cu,  Pb,  FeNi.  Treat  5  to  10  gms.  of  turnings  in  an  Erlenmeyer  flask  with 
successive  additions  of  NaOH  (1:3)  keeping  the  heat  up  all  the  time. 
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Decant  through  asmall  filter,  and  wash  with  boiling  water,  dissolve  the 
residue  in  HNOj — cvaparate  off  the  excess  of  acid,  etc.,  add  ace.  HNOj 
and  electrolyze  at  60  to  65°  C. — obtaining  Cu  on  one  pole,  and  FbO,  OD 
the  other.  Precipitate  Fe  from  the  solution  by  NH^OH,  and  if  Ni  is 
present  redissolve  and  reprecipitate  once  or  twice  more,  finally  electiolyze 
the  filtrate  for  Ni. 

YoxSttandSb  dissolve  in  HCl,  nearly  neutralize  with  (NH^),  CO,,  and 
precipitate  by  H,S.  Digest  the  precipitate  for  some  time  warm  with 
(NH4),S.  Precipitate  by  dilute  HCl,  filter  ignite  to  SnOj  and  weigh. 
Sb  is  rarely  present.  If  the  color  of  the  sulphides  indicates  it,  some  one 
of  the  usual  methods  of  separation  must  be  applied.  Zn  may  be  separated 
in  the  filtrate  from  SnSj  etc.,  by  adding  NaC,H,0,  and  passing  H,S. 

As.  Dissolve  the  sulphides  from  5  gms.  of  the  material  in  a  little  HNO, 
add  HjSO^  evaporate  to  fumes,  evolve  AsHj  in  a  Marsh  apparatus  pass- 
ing the  gas  into  AgNOg.     Weigh  the  Ag  precipitated. 

Si.  Dissolve  5  gms.  in  HCL  with  some  HNO,,  evaporate  to  drjrness, 
until  all  acid  is  expelled,  heat  to  11 1  °~\  20°  C,  digest  with  dilute  HCl, 
61ter,  wash,  dry  and  calcine  in  a  mufBe. 

Carbon.  Boussingault's  method  is  preferred.  Treatment  with  HgClj 
digestion  in  dilute  HCl,  and  heating  in  a  current  of  H.  One  may  use 
UUgren's  method — Solution  in  CuCI^,  aNH^Cl,  and  wet  combustion  with 
H,S04  andCrOg. 

6'.  Kollet's  method.  Heating  a  gms.  in  a  current  of  two  vols.  H  and 
one  vol,  CO,,  and  passing  the  HjS  obtained  through  AgNOj. 

Analysis  of  Refined  Zinc.  Mylius  &  Fromm.  (Zts.  Amorg.  Chem. 
IX.  148.)  For  Fb,  Cd.  and  other  metals  forming  sulphides  insoluble  in 
(NH4)jS.  Cover  100  gms.  of  the  shavings  with  aoo  cc.  of  water  and 
add  gradually  HNOg  sufficient  to  dissolve.  Supersaturate  with  ammo- 
nia. Dilute  to  2  litres,  and  add  little  by  little  very  dilute  (NH4)2S 
until  the  precipitate  which  forms  on  the  addition  has  the  clear  white  color 
of  ZqS.  Warm  to  8o°C  and  allow  to  settle.  Filter  and  test  the  filtrate 
with  (NH^)iS  which  should  give  a  perfectly  white  precipitate  of  ZnS 
without  a  trace  of  the  yellow  of  CdS  on  warming.  Dissolve  the  pre- 
cipitate in  HCl,  add  H^SO^  and  evaporate  to  fumes,  dilute,  add  alco- 
hol, filter  out  PbSOj.  Saturate  the  filtrate  with  H^S,  then  nearly  neu- 
tralize with  NH^OH,  to  separate  Cd.  Filter  off  and  precipitate  Fe  by 
NH^OH.  The  Cd  and  Fe  precipitates  need  to  be  redissolved  and  re- 
precipitated  to  free  them  from  Zn.  Ag,  Hg,  Cu  and  Bi  can  also  be  deter- 
mined by  this  plan  of  procedure. 

Arsenic  by  Reinsch's  test.  Howe  and  Mertens.  (  J.  Am.  Chem.  Soc. 
XVni.  953.)  Deposit  on  metallic  Cu  by  boiling,  and  subsequent  vol- 
atilization of  ASjOg,  by  heating  in  a  tube  open  at  both  ends.  The  deli- 
cacy of  the  test  is  fully  that  claimed  by  Reinsch.  (i  part  in  over  300,- 
000.)  The  deposition  of  5b  on  the  Cu  occurs  with  more  difficulty  than 
As,  the  coating  has  a  distinctly  different  tint,  and  the  sublimate  in  the 
tube  is  amorphous — altogether  different  from  the  crystalline  sublimate  of 
ASjOg. 

Gold  in  Sea  Water.  Sonstadt.  (Proc.  Lond.  Chem.  Soc.  No.  171 
p.  336.)  About  20  gms.  pure  Hg  was  agitated  in  a  flask  with  about 
half  a  gallon  of  the  water  for  a  long  time,  with  heating  on  a  water  bath 
at  intervals.  The  Hg  was  separated,  washed,  dried  with  bibulous  paper 
and  volatilized  in  a  porcelain  crucible  having  an  uninjured  intern^  sui- 


172  THE  QUARTERLY. 

face.  A  black  residue  remained,  some  of  which  disolved  off  in  HQ. 
The  lemaJDdcr  was  only  soluble  in  aqua  regia  and  on  cnpellation  yielded 
a  minute  button  of  Au.  Sea  water  collected  near  the  shore  and  shipped 
in  casks  appeared  to  contain  less  Au  than  that  collected  further  out  and 
treated  directly.  The  contact  with  wood,  or  the  separation  of  salt,  naf 
one  or  both  have  caused  this.  Incidentally  it  was  noted  that  the  Hg  ex- 
tracts Ag  also  from  the  sea  water. 

Voiumetrtc  Estimation  of  Lead.  Longi  and  Bonavia  (Gaztta.  XXVI., 
I.  337).     The  various  methods  proposed  have  been  carefully  examined. 

NajS  solution  affords  an  uncertain  end-reaction. 

Hempel's  method — precipitating  with  oxalic  acid  and  determining  the 
oxalic  acid  in  the  precipitate  or  in  the  filtrate  by  permanganate,  is  only 
serviceable  when  certain  precautions  are  taken  ;  an  excess  of  oxalic  acid 
must  be  used  in  concentrated  solutions,  HNO.  must  be  absent,  and  alco- 
hol must  be  used  to  obtain  the  insolubility  of  PbCjO^ . 

The  dichromaCe  titration,  using  AgNO,  for  the  end-reaction,  is  un- 
satisfactory, the  suspended  PbCrO^,  reacting  with  AgNOg. 

Precipitating  with  K^CrO^  and  determining  the  excess  by  ferrous  salt 
gives  poor  results.  The  use  of  Na,SjO,  to  determine  the  excess  is  still 
less  satisfactory.  Addition  of  KI  to  the  nitrate  and  acidifying  with  HCI, 
and  then  titrating  the  I  set  free  by  use  of  NajS,0,  gave  good  results. 

Hasvell's  permanganate  method  was  found  unsuitable.  Precipitation 
with  standard  ferrocyanide,  filtering,  and  determining  ferrocyanide  cither 
in  filtrate  or  precipitate  by  means  of  permanganate  is  good,  if  atmospheric 
oxidation  of  the  ferrocyanide  is  prevented. 

Electrolytic  DeUrmination  of  Lead.  Neumann.  (Chem.  Ztg.,  XX. 
381.)  The  presence  of  As,  Se  or  Mn,  unless  small  in  amount,  interferes 
with  accurate  determination  of  Pb  (as  PbOj  from  HNOj  solution).  As 
or  Se  above  0.5  per  cent,  is  detrimental,  or  Mn  above  3  per  cent. 

Separation  of  Lead  and  Bismuth.  Benkert  and  Smith.  (J.Am.  Chem. 
Soc.  XVIII.  1055.)  To  a  solution  containing  known  amounts  of  the  met- 
als as  nitrates,  NajCOj  was  added  nearly  to  neutraliiation,  then  a  solution 
of  NaCHO-  and  a  few  drops  of  HCHOj.  Then  on  boiling  a  precipitate 
consisting  chiefly  of  basic  bismuth  formate  was  separated.  On  redissolv- 
ing  in  HNO,  and  repeating  the  operation,  a  complete  separation  was 
effected. 

Bismuth  Sulphide.  Stone.  (J.  Am.  Chem.  Soc.  XVII,  1091.)  Prof.  Still- 
man  has  noted  that  if  NaOH  is  added  to  a  solution  of  Bi,  and  the  mix- 
ture is  then  heated  with  (NH^),S,  a  considerable  amount  of  Bi  is  held 
in  solution.  The  author  finds  this  to  be  correct,  but  has  also  found  that 
BijSg  after  precipitadon  from  an  acid  solution  is  practically  insoluble  in 
(NH4)j3  solution. 

Determination  of  Bismuth.  Muthmann  and  Mauron.  (Zis.  Anorg. 
Chem.  XIII.  207.)  Precipitation  with  hypophosphorus  acid,  washing 
with  water,  then  with  alcohol,  drying  and  weighing  the  metallic  Bi,  gave 
correct  results. 

Cadmium  Estimation.  Browning  and  Jones.  (Am.  J.  Sci.  II.  [4] 
Oct.,  1896,)  Precipitation  as  CdCO,  and  igniting  after  filtering  through 
paper,  etc.,  gives  low  results,  if  the  product  is  assumed  to  be  CdO.  It  has 
been  surmised  that  this  was  due  to  a  partial  reduction  of  ttie  CdO.  Fil- 
tration through  an  asbestos  filter  previously  ignited  has  been  found  to 
give  accurate  results. 
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Laid  and  Copper  in  Waters.  Egeling.  (Med.  Tydschr.  Pharai. 
1896.  113.)  Saturates  with  HjS,  then  shakes  with  about  0.5  gm.  ai 
talc,  which  has  been  previously  boiled  in  HNOg.  The  talc  helps  to  col- 
lect the  precipitate  which  may  then  be  filtered  otf,  dis>olved  etc.  Antony 
and  Benelli  fCaceta  XXVI.,  I.  ai8.}  Add  HgClj  and  then  pass  HjS. 
The  HgS  carries  with  it  the  other  sulphides  after  adding  NH^Cl.  On 
heating  the  dried  precipitate  in  a  current  of  H,S,  the  HgS  may  be  vo- 
latilizes ofT,  leaving  the  less  volatile  PbS  etc.,  or  the  precipitate  may  be 
treated  with  HjSO^,  and  weighed  as  PbSO^  after  ignition. 

Cohrimefrii  for  Copper.  Heath,  (J.  Ana.  Chcm.  Soc.  XIX.  24.)  In 
the  "blue"  test  (comparison  of  NH^OH  solutions)  permanent  stand- 
ards can  be  prepared  by  using  a  sulphate  solution,  and  a  sufficient  excess 
of  NH4OH,  and  keeping  the  standard  tubes  well  stoppered.  Prepare 
standards  hy  dissolving  0.3  gm.  pure  Cu  in  5  cc.  HNOg  (Gr.  1.4)  and  5 
cc.  cone.  HgSO^  evaporate  to  strong  SOg  fumes,  cool  dilute  with  35  cc. 
of  water,  and  then  add  strong  NH4OH  sufficient  to  produce  a  clear  so- 
lution. Use  diluted  ammonia  to  ( i  vol.  to  6  of  H,0  )  for  diluting  the 
solution  until  i  cc.  contains  0.0025  S™-  ^^-  Then  make  up  a  set  of 
standards,  containing  from  0.0035  "P  'o  0.0335  gm.  (0,10  to  1.30  per 
cent,  when  3.5  gms.  of  material  is  taken.)  Dilute  each  up  to  3oo  cc. 
with  the  weak  NH^OH,  and  stopper  up  tightly.  Of  course  care  in  se- 
lecting stoppered  tubes  of  colorless  glass  and  uniform  calibre  is  necessary. 

To  make  the  test,  pulverize  the  ore,  etc.,  finely,  weigh  out  3.5  gms., 
warm  with  15  cc.  HNOg,  stir,  add  5  cc.  cone.  HjSO^,  boil  down  to 
fumes,  cool,  take  up  with  13  cc.  of  water,  add  excess  of  NH^OH,  filter 
and  wash  with  weak  NH^OH,  stirring  up  the  precipitate  in  the  funnel  oc- 
casionally with  a  rod.  For  a  working  (approximate)  test  making  the  fil- 
trate and  washings  to  300  cc.  mixing  and  comparing  will  suffice.  For  a 
closer  determination,  resolution  of  the  Fej(OH)g,  etc.,  in  HjSO^  and  re- 
precipitation  with  NH^OH  is  necessary.  In  this  case,  the  first  solution 
should  be  only  about  70  cc.  Another  method,  perhaps  more  accurate,  con- 
sists in  precipitating  the  Cu  from  the  acid  solution  by  means  of  a  strip  of 
AI,  dissolving  the  washed  Cu  in  HNO,  and  H^SO^  as  in  standardizing 
and  continuing  the  operation  as  described  under  that  head,  finally  mak- 
ing up  to  300  cc.  for  comparing. 

Separation  of  Thorium.  Denius.  (J.  Am.  Chem.  Soc.  XVIII.  947.') 
Adding  a  slight  excess  of  potassium  trinitride  to  a  neutral  solution  of  the 
chlorides  and  boiling  for  one  minute  was  found  to  separate  thorium 
quantitatively  for  La,  Di,  Ce,  etc.,  HNg  was  volatilized  during  the  boil- 
ing.    The  reaction  with  Th(N03)^  was  found  to  be: 

Th(NOg)^  +  4KNg  +  4H3O  ==Th(OH),  +  4KN0g  -H  4HNj. 

Separating  Manganese  from  Tungstic  Acid.  Taggart  and  Smith.  (Jam- 
Chem.  Soc.  XVIII.  1053).  Digestion  with  CNH^)gS  and  NH,CI,  also 
digestion  with  K,COg,  were  tried.  Neither  gave  satisfactory  results.  In 
the  first  case  WOg  remained  with  the  MnS ;  in  the  second  some  MnO 
wentwith  the  WOg. 

Phosphates  in  Coal.  Campredon.  (Chem.  News,  LXXV.  8).  Fusing 
0.6  gm.  of  the  coal  with  3  gms.  of  a  mixture  of  NajCO,  with  KjCO, 
for  10  to  15  minutes,  extracting  with  acidulated  water  (HCl)  and  de- 
termining by  the  molybdate  method,  is  recommended  as  the  most  accu- 
rate. 

Sulphur  in  Iron  or  Steei.    Boucher.  (Chem.  News.LXXlV.  76.)  The 
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Fc  is  dissolved  off  by  Cu(NH4)jClf.  Instead  of  treating  thewesidue 
with  aqua  regia,  as  usual,  it  is  oxidized  with  Br  water  and  HCl,  which 
affords  lesults  a  little  higher  than  by  the  aqua  regia  method. 

Sulphur  in  Irons.  Phillips.  (J.Am.  Chcm.  Soc.  XVIII.  1079.)  An  ac- 
count is  given  of  attempts  to  oxidize  all  the  constituents  in  a  cast-iron  bf 
fusion  with  alkaline  oxidizing  agents,  with  especial  view  to  determinatioa 
of  the  S.  White  iron,  pulverized  and  sifted  through  bolting  cloth  showed 
some  uDoxidized  carbon  after  fusion  with  NaNO,  and  Na,CO,.  When 
some  NajOj  was  added  to  the  flux  no  C  was  unoxidized.  Ferro-man- 
ganese  crushed  and  sifted  was  sufficiently  oxidized  by  fusing  with  NaNO, 
and  Na,COg.  When  Na,Oj  was  used,  green  NajMnO^  was  formed, 
which  was  not  the  case  without  it.  Gray  iron,  as  finely  subdivided  as 
possible,  left  no  unconsumed  graphitic  carbon  on  fusion  with  NaNO,  and 
Na,CO,. 

The  water  solutions  from  these  fusions,  after  evaporating  with  Br  water, 
acidulating,  etc.,  gave  results  for  S  a  little  higher  than  by  the  ordinarj- 
method  of  oxidation  by  boiling  with  HNO,. 

Carbon  Dioxide  in  the  Atmosphere.  Letts  and  Blake.  (Proc.  Loud. 
Chetn.  Soc,  No.  169.  191. 1  The  alkalinity  derived  from  glass  vessels  is 
adecided  source  of  error  in  the  Peitenkofer  method.  Using  receivers 
and  also  botdes  for  the  standard  solutions  which  had  been  coated  inside 
with  parafhne,  gave  accurate  results. 

Modification  of  the  Gunning  method  for  Nitrates.  Field.  (J,  Am.  Cbem. 
Soc.  XVIII.  II03.)  After  weighing  out  the  material,  and  placing  Id  a 
digestion  flask  30  cc.  cone.  H,SO^and  i  gm.  salicylic  acid  are  added,  and 
it  is  gently  heated  for  some  little  time.  Then  while  warm  6  to  7  gms.  of 
KjS  are  added  in  small  portions  at  a  time,  the  flask  being  well  shaken 
after  each  addition.  Then  the  mixture  may  be  brought  to  a  boil,  and 
kept  at  that  point  until  completed.  An  hour  is  usually  sufficient.  The 
rest  of  the  operation  is  conducted  in  the  usual  manner. 

The  necessity  for  close  attention  to  the  operation  to  prevent  losses  by 
frothing,  etc.,  in  the  ordinary  Gunuing  method  is  avoided  in  this  modifi- 
cation. 

Nitrous  acid  in  presence  of  sulphites.  Pechard,  (C.  Rend.  CXXXIII. 
590.^  The  water  or  washings  from  the  lixiviation  of  a  soil  is  brought  to 
a  boil  in  a  flask,  which  is  then  stoppered  and  shaken  from  time  to  time 
until  completely  cold.  Filter  through  bone  black.  Then  place  a  drop 
on  a  porcelain  plate,  add  a  drop  of  pure  HCl  (Gr  i.ai ),  spread  with 
platinum  wire  to  the  size  of  a  silver  dime  (half  franc),  and  drop  in  to  the 
centre  a  fragment  of  brucine  the  size  of  a  pin  head.  If  in  the  course  of  5 
minutes  a  coloration  varying  from  vermillion  to  light  yellow  is  observed, 
nitrites  are  present.     The  delicacy  of  the  reaction  is  i  part  in  319,000, 

Cyanide  process.  Laboratory  control.  Furman.  (Am.  Inst.  Mill.  Eng. 
Colorado  meeting,  Sept.,  1896.)  KCy  solution  of  0.5  to  0.6  per  cent 
should  be  used.  The  strength  should  he  determined  from  time  to  lime  by 
Test  6. 

I.  j4fi'(/{Vy  of  the  ore.  Soluble.  Agitate  10  gms.  of  pulp  with  50CC.  of 
water,  filter  and  wash  if  necessary  until  the  washings  are  neutral.  Titrate 
with  N/io  NaOH.  Latent.  Transfer  the  washed  ore  toan  evaporating 
dish,  covered  with  water,  add  a  known  amount  of  N/,,,  NaOH  (excess), 
stir  and  titrate  excess.  Total  acidity  is  the  sum  uf  that  soluble  and 
latent. 
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3.  Csitsum^on  of  Cyanide.  Agitate  30  gms.  of  the  ore  with  40  cc.  of 
the  KCy  solution,  filter  ofT  so  cc.  and  determiDe  K.Cy  remaiDiDg. 

3.  Percentage  of  Extraction.  Two  tests  a  Agitation  and  b  Percola- 
tion, a.  Add  a  sufficient  CaO  as  neutralizer  (determined  by  test  1 )  after 
weighing  out  four  lots  of  one  assay  ton  each.  Then  add  to  each  respect- 
ively,  60  cc.  of  solutions  containing  0.1,  0.3,  0.5,  and  0.75  percent.  KCy. 
Allow  to  stand  48  hours  with  occasional  shaking.  Filtereach,  wash  with 
water  up  to  the  original  bulk.  Test  each  for  loss  of  KCy.  Dry  tailings 
and  assay.  6.  Invert  a  bottle  with  bottom  cut  off,  the  cork  being  pro- 
vided with  a  tube  and  stop  cock.  Use  i  lb.  of  ore  placed  on  a  false 
bottom  covered  with  one  or  two  thicknesses  of  filter  paper.  Pour  on  a 
definite  amount  of  KCy  solution  of  known  strength,  let  macerate  1 2  hours, 
then  slowly  percolate  off  (30  to  40  hours).  Wash  up  to  original  bulk, 
and  test  solution  and  tailings  as  before. 

4.  Cause  of  Cyanide  Consumption.  For  every  part  of  KCy  destroyed, 
a  corresponding  amount  of  metal  enters  into  solution.  Fe,  Al  and  Mg 
oxides  are  the  principal  ones  influencing  the  process.  Sulphides  may  af 
ford  KCyS.  Agitate  100  gras.  of  ore  with  aoo  cc.  of  KCy  solution, 
filter  off  2D  cc.  evaporate  first  alone,  afterward  again  with  strong  H^SO^, 
and  determine  the  oxide  present.  HCl  is  inefficient  in  destroying  the 
cyanides  which  may  be  formed. 

5.  Cause  of  Non-Extractian.  This  may  be  due  to  presence  of  base 
metal,  to  coarseness  of  the  gold,  alloys  of  the  Au  with  Bi,  Fe,  Sb.  etc., 
or  to  soluble  sulphides  present,  or  much  kaolin  or  talc  gangue.  If  pre- 
liminary washing  with  water  and  weak  acid  or  weak  alkali  is  ineffective, 
the  ore  is  not  adapted  to  the  KCy  process. 

Coarse  Au  may  be  overcome  by  amalgamation  before  or  after  treatment. 

Au  alloys  (Bi,  Sb,  Fe,  etc.),  require  fine  grinding  and  long  contact  of 
the  solution.     Roasting  may  be  effective. 

Soluble  sulphides  may  be  overcome  by  use  of  a  Pb  salt  or  an  oxidizing 
agent 

Much  kaolin  or  talc  in  the  gangue,  or  much  oxidized  Cu  minerals  in 
the  ore,  are  fatal  to  the  process. 

6.  Pree  KCy  in  Solution.  Use  a  solution  containing  6.535  gms. 
AgNOa  per  litre.  On  10  cc.  of  KCy  each  cc.  =  i  lb.  KCy  per  ton 
{2C00  lbs.)  of  solution.  To  the  solution  to  be  tested  add  a  few  drops  of 
a  5  per  cent,  solution  of  KI.  Then  run  in  the  standard  AgNO,  solution 
uniil  a  permanent  pale  yellow  opalescence  of  Agl  appears,  showing  that 
all  cyanide  has  been  converted  to  KAgCy^.  If  Zn  is  present  an  insolu- 
ble ZnCyj  will  slowly  form  as  soon  as  the  KAgCy^  has  formed.  In  that 
case  the  titration  must  be  rapidly  performed, 

7.  Pree  KCy.  To  10  cc.  of  the  solution  add  10  cc  of  KHCO.  solu- 
tion (15  gms.  per  litre),  and  titrate  as  above,  without  the  use  of  KI  indi- 
cator. The  difference  between  the  result  thus  obtained  and  that  found  by 
a  test  without  KHCOg,  gives  a  basis  for  calculating  free  HCy. 

8.  Total  Simpie  Cyanides.  To  10  cc.  of  the  solution  add  10  cc,  of 
N/j  NaOH,  dilute  to  65  or  70  cc.  Titrate  with  KI  indicator.  The  re- 
sult gives  total  KCy,  HCy  and  KjZoCy4  in  terms  of  HCy.  The  amount 
of  NaOH  to  be  added  depends  on  the  amount  of  Zn  compound  present, 
but  an  excess  is  to  be  avoided. 

9.  Perro  Ferri-  and  Sulpho-cyanides.  Titrate  with  standardized 
K,Mn,Og  solution  (0.3  to  0.5  gm.  per  litre),  in  HjS04  solution.  The 
leactioDS  are : 
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loK^FeCy,  +  K,MnjO,  +  8H,S0«  =  ioK,FeCy,  +  eK^SO,  + 
aMnSO-  +  gH.O. 

loKCyS  +  6KjMn,0g  +  isHjSO^  =  iiKjSO^  +  laMnSO^  + 
loHCy  +  8HjO. 

A  known  volume  of  the  solution  is  titrated  directly,  another  volume  is 
treated  with  FcqCl,  the  prussian  blue  filtered  oB",  and  the  filtrate  titrated. 
The  last  gives  KCyS,  the  first  both  KCyS  and  K^FeCy,  in  accordance 
with  the  above  equations. 

Ferricyanidc  may  be  determined  by  reducing  to  ferrocyanide,  and 
titration  with  K,MnjOg. 

If  sulphides  are  present,  remove  by  shaking  with  moist  PbCO,  before 
determining  the  compound  cyanides. 

10.  Zitu  and  Lime.     Determine  as  in  test  4. 

11.  Gold  and  Silver  in  Sotution.  Evaporate  one  assay  ton  (»9.3  cc.) 
in  a  small  lead  tray,  roll  up  the  capsule,  and  cupel.  Alloy  with  Ag  if 
necessary,  and  part  as  usual. 

Analysis  of  Percussion  Cap  Composition.  Jonesand  Wilcox.  (Chem, 
News,  LXXIV.  383.)  The  composition  us'jally  consists  of  mercury  ful- 
minate, SbjS,  and  KClOg.  The  difficulties  in  analyzing  it  are  obvious. 
The  authors  have  found  that  the  mercury  fulminate  is  soluble  in  pure 
acetone  saturated  with  ammonia,  whereas  the  other  constituents  are  in- 
soluble. 

An  analysis  can,  therefore,  be  readily  made  by  extracting  a  weighed 
amount  upon  a  weighed  filter,  first  with  scetcffle  and  ammonia  (which 
should  act  for  3  or  4  hours),  and  afterwards  with  water,  weighing  between. 

A  New  Element — Lucium.  (Chem.  News,  LXXIV.  159.)  M.  Barrien 
has  found  in  monazite  sand  an  oxide  of  a  metal  to  which  this  name  has 
been  given.  It  dues  not  form  insoluble  double  salts  with  Na^SOf.  or 
with  KjSO^.  It  is  precipiiable  by  NajS^O,  also  by  HjCjO^.  The 
spectral  rays  approximate  to  those  of  erbium.  Its  oxide  and  salts,  bow- 
ever  are  colorless.  The  atomic  weight  is  calculated  as  104.  The  use  of 
the  oxide  in  incandescent  lighting  is  patented  by  the  discoverer  (ib.  213). 
Crookes  (ib,  359)  finds  Lucium  to  be  impure  Yttrium. 
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Notes  on  Assaying.    By  P.  De  Peyster  Ricketts,  E.  M.,  Ph.  D.,  Pro- 
fessor of  Analytical  Chemistry  and   Assaying ;    and  Edhukd  H. 
M[tJ.ER,  A.  M.  Ph.  D,,  Tutor  in  Analytical  Chemistry  and  Assay- 
ing,  School   of  Mines,   Columbia  University,  New  York,     John 
Wiley  and  Sons,  New  York.     1897.     Rewritten  and  reset,  8vo.,  311 
pp.,  illustrated.     ^3.00. 
This  publication  is  intended  by  the  authors  to  replace  "  Notes  on  As- 
saying and  Assay  Schemes,"  published    in   1876  and  revised  in  1879. 
This  will  undoubtedly  be  accomplished,  as  the  publication  under  review 
is  up  to  date  and  contains  many  valuable  additions. 

To  succesBfully  determine  the  amount  of  metals  in  ores  and  alloys  it 
is  necessary  to  be  familiar  to  some  extent  with  chemistry  and  mineralogy. 
This  necessity  has  been  recognized  through  the  entire  work. 
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Id  many  cases  rapid  and  latest  methods  of  determination  are  given. 
The  authors  claim  for  all  methods  satisfactory  results  after  careful  trial 
in  the  School  of  Mines  assay  laboratory,  Columbia  University. 

The  subject-matter  may  be  classified  under  the  following  heads :  qual- 
itative determinations  by  blow-pipe  and  chemical  analysis  ;  quantitative 
determinations  by  assaying  proper  and  chemical  analjsis;  and  laboia- 
tory  ore-testing. 

The  division  of  the  entire  subject  into  separate  and  well  defined  parts 
assists  the  reader  materially  in  obtaining  a  clear  idea  of  special  matter 
under  consideration  and  the  relation  of  one  branch  of  work  to  another. 

Part  I.  is  devoted  to  an  introduction.  It  comprises  a  description  of 
apparatus,  reagents,  chemicals  and  various  operations,  such  as  weighing, 
washing,  reduction,  inquartation,  parting  and  reporting.  This  division 
of  the  work  is  well  illustrated  and  gives  a  clear  idea  of  all  apparatus  used 
in  weighing,  sampling  and  conducting  a  fire  assay.  The  reagents  and 
chemicals  used  in  the  wet  and  dry  work  are  classified  and  the  formula  of 
each  is  given. 

The  changes  in  weight,  value,  etc.,  produced  by  roasting  an  ore, 
are  appreciated  by  few  and  comprehended  with  some  difficulty.  Some 
clear  statements  on  this  subject  under  roasting  would  have  been  espe- 
cially valuable.  Some  of  the  points  in  question,  however,  can  be  found 
under  the  assay  of  gold  and  silver  ores  and  chlorinalion  assay  for  gold. 

Part  II.  treats  of  the  detennination  of  metals  in  ores  and  bullion  in 
the  dry  way  or  by  assaying  propter. 

The  charges  given  especially  for  gold  and  silver  ores  are  simple,  satis- 
factory and  up  to  date. 

The  accuracy  of  the  gold  and  silver  assay,  the  method  of  determining 
gold  and  silver  in  copper  matte,  and  the  assay  of  silver  sulphide  and 
sweeps  and  the  a»ay  of  coal  are  given  special  consideration.  The  state- 
ments upon  these  subjects  are  suggestive  and  valuable. 

In  some  of  the  determinations  of  the  base  metals  by  fire  methods  a 
table  is  given  showing  results  obtained  by  various  charges  as  well  as 
chemical  analysis.  Some  definite  statements  might  have  been  made 
about  the  character  of  the  ore  assayed  and  conclusions  drawn.  These 
would  possibly  have  explained  the  low  results  obtained  by  quantitative 
analysis  as  compared  with  those  obtained  by  a  certain  fire  assay  on  galena. 

Part  III.  considers  the  analytical  mtthods  of  determining  silver  in  bul- 
lion,  lead,  zinc,  bismuth,  copper,  iron,  manganese,  nickel,  cobalt,  sul- 
phur, arsenic  and  phosphorus.  A  scheme  for  the  determination  of  silica, 
sulphur  and  phosphorus  in  an  iron  ore  concludes  this  part.  From  the 
above  list  the  absence  of  some  important  determinations  will  be  noted. 

Fart  IV.  contains  a  most  important  subject,  ore-testing.  The  attempt 
to  determine  the  best  method  of  obtaining  the  greatest  yield  of  gold  and 
silver  from  an  ore  naturally  follows  the  knowledge  of  their  existence. 
There  would  hardly  be  place  in  such  a  publication  as  this  for  the  consid- 
eration in  full  of  the  various  methods  of  treatment.  The  authors  treat 
this  subject  from  an  assay  standpoint,  considering  the  methods  of  reach- 
ing various  results  on  a  certain  test  rather  than  the  application  of  tests  to 
ores.  The  following  laboratory  tests  are  given :  mechanical  assay  for 
gold,  amalgamation,  chloridization  assay,  chlorination  assay,  bromine 
extraction    test,  cyanide  extraction   test  and  Russell -process  extraction 
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Tt.e  blow-pipe  tests  and  schemes  for  qualitative  blow-pipe  analysis  are 
most  complete  and  form  one  of  the  most  valuable  and  imponant  features 
of  the  publication.  This  subject  is  followed  by  schemes  foi  qualitative 
analysis. 

Fart  V.  contains  valuable  tables,  examples  and  a  bibliography  on 
assaying. 

Serviceable  binding,  good  quality  of  paper  and  neat  letter-press  Tork 
are  especially  noticeable. 

The  difficulty  of  preparing  a  work  that  will  meet  the  needs  of  the 
practical  man,  as  well  as  the  student,  is  well  recognized  by  all.  In  this 
respect  the  authors  have  been  particularly  fortunate.  Clear,  simple  state- 
ments, free  from  confusing  technicalities,  are  well  proportioned  to  ample 
material  of  a  scientific  nature. 

Considered  collectively  "Notes  on  Assaying"  is  a  manual  of  great 
value.  It  is  a  most  admirable  reference  book  and  text-book  for  technical 
schools.  W.  R.  A. 

The  Gases  of  Ifu  Atmosphere.  The  History  of  Their  Discovery.  By 
William  Ramsey,  F.R.S.  London ;  Macmillan  &  Co.,  Ltd.  New 
York:  The  Macmillan  Co.     1896.     Price,  Jz.oo. 

In  this  work  the  author  has  described  in  popular  language  the  history 
of  the  new  element  argon,  discovered  in  1894,  leading  up  to  the  same  by 
the  history  of  the  discovery  of  the  better  known  constituents  of  the  atmos- 
phere. 

The  subject-matter  is  presented  in  a  clear  and  pleasing  manner  and 
comprises:  Chap.  I.,  The  experiments  and  speculations  of  Boyle,  Mayou 
and  Hales.  Chap,  IL,  "Fixed  air"  and  "mcphitic  air" — theirdiscov- 
ery  by  Black  and  Rutherford.  Chap.  III.,  The  discovery  of  "  dephlogisti- 
cated  air"  by  Priestley  and  Schcele.  The  overthrow  of  the  phlogistic 
theory  by  Lavoisier.  Chap.  IV.,  "  Phlogisticated  air,"  investigated  by 
Cavendish.  His  history  of  the  composition  of  water.  Chap.  V.,  The 
discovery  of  argon.  Chap.  VI.,  The  properties  of  argon.  Chap.  VII., 
The  position  of  argon  among  the  elements. 

The  author's  easy  style  and  interesting  manner  gives  a  charm  to  the 
work  that  should  make  it  attractive  to  the  scientific  as  well  as  the  general 
public.  It  is  particularly  recommended  to  those  who  desire  the  knowl- 
edge but  who  have  not  had  the  special  scientific  training  necessary  iac  a. 
proper  understanding  of  scientific  and  technical  literature. 

The  work  is  illustrated  by  wood-cut  portraits  of  Hales,  Boyle,  Mayou, 
Black,  Rutherford,  Priestley,  Lavoisier  and  Cavendish.  The  v<^unne 
covcis  240  pages  on  board  covers.  The  typography  is  clear  and  the 
paper  of  good  quality.  J.  S. 

Altemaling  Currents  and  Alternating-Current  Machinery.    By  D.  C, 
Jackson,  C.E.,  and  J.  P.  Jackson,  M.  E.    New  York :     The  Mac- 
millan Co.     718  pp.,  35  tables  and  331  diagrams  and  illustrations. 
Price,  «3.5o. 
This  treatise  very  aptly  forms  the  second  volume  of  the  Text-book  on 
Electro-magnetism  and  the  Construction  of  Dynamos,  the  first  having 
been  confined  to  Direct  Current  work. 

The  opening  chapter,  devoted  to  the  considerations  which  determine 
the  form  of  the  electro-motive-force  curve  produced,  is  followed  by  one 
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giving  the  various  windiogs  for  alternator  armatures,  illustrated  by  nu< 
mcTDus  diagrams  which  aim  to  set  forth  the  principles  rather  than  present 
an  actual  working  winding. 

Self-induction  and  Capacity  form  the  heading  of  Chap.  III.,  which  ex- 
tends over  100  pages.  Here  the  authors  discuss  the  effects  of  these  quali< 
ties  on  the  current  flow,  besides  giving  numerous  methods  for  measuring 
and  determining  the  various  other  quantities  involved  in  describing  the 
flow  of  current  due  to  an  harmonic  electromotive-force. 

The  following  70  pages  are  devoted  to  the  elaboration  of  graphical  and 
analytical  methods  of  solving  problems  in  alternating-current  circuits. 
Although  this  chapter  is  no  doubt  very  useful,  yet  in  the  opinion  of  the 
reviewer  it  might  be  greatly  bailed  down  and  be  of  still  greater  value  to 
the  student,  if  instead  of  presenting  a  multiplicity  of  examples  the  under- 
lying principles  were  tersely  stated. 

TTiese  subjects  being  disposed  of,  facts  are  next  presented  relating  to 
the  practical  construction  of  alternators.  The  questions  here  considered 
are :  The  magnetic  circuit,  field  windings,  the  self-inductance  of  the 
armature  and  the  various  losses,  besides  characteristics,  regulation  and 
efficiencies. 

A  discussion  of  Mutual  Induction  pointing  out  the  relations  which 
exist  between  two  adjacent  circuits,  one  or  both  of  which  carry  an  alter- 
nating  current,  besides  allowing  the  authors  to  present  methods  of  mea- 
suring mutual  inductance,  serves  as  an  admirable  introduction  to  the 
Transformer.  This  branch  of  the  subject  is  dwelt  upon  at  some  length, 
beginning  with  the  operation  of  an  ideal  transformer,  then  noting  the 
effect  of  copper  and  iron  losses,  with  methods  of  determining  these  losses, 
and  ending  with  an  admirable  chapter  on  the  design  of  transformers. 

Polyphase  ccHiducting  systems  and  the  measurement  of  power  in  poly- 
phase circuits  form  the  subject  of  a  brief  but  very  practical  chapter  in 
which  special  reference  is  made  to  methods  employed  in  practice.  A 
very  extended  discussion  on  alternating- current  motors  presents  the  prin- 
ciples underlying  their  action  and  adds  much  to  the  merit  of  the  work. 

A  short  chapter  on  polyphase  transformers  closes  the  work,  to  which 
are  added  several  appendices  on  Resonance,  Electrical  Oscillations,  etc. 

The  treatise  possesses  much  merit,  being  logical  in  its  arrangement,  and 
the  explanations  and  deductions  being  clearly  stated  in  as  elementary  a 
manner  as  the  nature  of  the  subjects  will  permit.  Data  is  here  presented 
some  of  which  can  only  be  dug  out  of  technical  periodicals,  while  the 
rest,  up  to  the  present  time,  has  been  eutirely  inaccessible  to  the  student 
and  ordinary  engineer.  The  main  value  of  the  book  lies  in  its  innumer- 
able references,  which  give  not  only  evidence  of  the  great  care  used  in 
Its  preparation,  but  also  make  it  almost  an  encyclopedia  on  this  subject. 
The  authors  are  certainly  to  be  congratulated  on  producing  the  first  work 
deserving  the  name  of  text-book  on  this  important  and  difficult  branch  of 
electrical  engineering.  W.  H.  F. 

Meehanies  of  Pumping  Machinery.      By  Dr.   Julius  Weisbach  and 

Professor  Gustav  Hermann.     Translated  from  the  second  German 

edition  by  Karl  F.  Dahlstroh.    The  Macmillan  Company.    1897. 

With  197  illustrations;  300  pages,  with  index.     Price,  fj.75. 

This  book  carries  forward  the  work  of  its  distinguished  German  authors 

along  the  same  lines  as  the  similar  section  upon  hoisting  machinery.     It 
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has  been  supplemented  by  adding  to  the  original  text  some  developments 
of  more  recent  pumping  practice  with  a  certain  number  of  illustrations. 

There  are  six  chapters.  The  first  covers  the  more  elementary  types  of 
water-lifting  apparatus,  beginning  with  the  old  well  sweep,  which  is  the 
immediate  derivative  of  the  simple  bailing  of  water,  and  passing  from  that 
to  the  appliances  for  throwing  water  by  scoops  and  the  water  balant:e. 
The  water  balance  passes  directly  into  the  flash  wheel  and  the  latter  into  the 
scoop  wheel,  which  are  very  completely  illustrated  with  calculations  and  ex- 
amples. The  flash  or  scoop  wheel  passes  into  the  chain  pump  and  the  bucket 
elevator,  in  which  class  of  course  the  Noria  belongs,  and  in  its  discussion 
certain  interesting  names  are  introduced  which  are  novelties  to  most 
readers.  The  old  style  of  cistern  pump  with  dislcs  concentric  on  the 
links  of  the  chain  are  called  " Pater- noster "  pumps,  or  "Rosary" 
pumps,  both  of  which  terms  seem  specially  felicitous  bits  of  description. 
The  Archimedean  water  screw,  passing  into  the  Dutch  screw,  which  is 
really  a  screw  elevator  and  applicable  to  handling  loose  material  like 
grain,  completes  the  appliances  of  the  first  chapter. 

The  second  chapter  takes  up  reciprocating  pumps.  The  author  sepa- 
rates pumps  from  other  hydraulic  lifting  appliances  by  introducing  as  a 
difference  their  peculiarity  of  having  the  water  subjected  to  a  pressure  in 
the  operating  chamber  sufficient  to  balance  or  exceed  that  exerted  by  the 
required  lif^.  The  special  features  of  piston  and  plunger  pumps,  single 
and  double-acting  pumps,  and  the  characteristic  features  of  pump  valves, 
both  in  the  conventional  and  in  some  unusual  forms,  cover  the  contents  of 
the  second  chapter.  The  third  is  devoted  to  the  theory  of  reciprocating 
pumps ;  the  questions  of  inertia  and  lifting  force  of  moving  water,  the 
wasteful  resistances  and  the  ef&ciency  are  discussed,  and  the  beariog 
which  they  have  on  the  volumes  of  water  chambers,  etc.,  are  treated  with 
illustrative  examples. 

The  fourth  chapter  presents  many  illustrations  of  typical  reciprocating 
pumps,  with  special  reference  to  fire-engine  practice,  although  it  covers 
also  the  methods  of  operating  mine  pumps  by  water  pressure  and  illus- 
trates certain  typical  forms  of  American  and  Cornish  pumps.  But  it  docs 
not  constitute  an  exhaustive  treatment  of  water-works  pumping  engines, 
although  many  of  the  fundamental  principles  for  such  engmes  are  laid 
down  and  illustrations  are  presented  of  Gaskill,  Worthington  and  Allis 
pumps.  The  translator  appends  a  bibliographic  reference,  where  the 
reader  will  find  much  of  descriptive  material  to  supplement  the  lack  of 
the  original  treatise. 

The  fifth  chapter  discusses  the  rotary  and  centrifugal  pump,  presenting 
both  illustrative  types  of  oscillating  pistons  and  of  continuously- moving 
rotating  pistons.  The  centrifugal  pump  theory  is  not  specially  difliciilt 
and  is  discussed  at  all  necessary  length.  The  final  chapter  covers  the  jet 
or  impulse  hydraulic  machines  using  water  upon  water,  steam  upon 
water,  air-lift  pumps  and  siphons.  There  is  a  discussion  also  of  spiral 
pumps,  which  is  a  form  of  apparatus  but  little  used  in  the  practice  with 
which  the  writer  is  familiar. 

This  book  will  be  found  a  convenient  addition  to  the  other  books  on 
the  subject  of  hydraulic  engineering  and  has  been  very  excellently  well 
done  as  a  piece  of  book-making  and  translation.  It  leaves,  however,  in 
common  with  so  many  treatises  of  the  same  sort  a  species  of  dissatisfac- 
tion behind  it,  in  that  because  it  is  so  good  in  what  it  does  do,  it  should  oot 
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have  been  better.  It  does  not  give  the  practical  aid  which  is  needed  by 
the  person  who  is  actually  engaged  in  the  work  of  design  laid  upon  him, 
and  is  very  full  and  complete  upon  subjects  which  the  American  engin- 
eer is  very  unlikely  to  be  called  on  to  discuss.  It  is  becoming  more  and 
more  the  case  that  hydraulic  machinery,  along  with  so  many  other  de- 
partments of  engineering,  is  becoming  a  specialty  and  in  its  subdivisions 
the  general  practitioner  in  need  of  an  appliance  is  most  likely  to  arrange 
with  a  specialist  manufacturer  to  supply  him  what  he  needs.  This  ten- 
dency reacts  to  compel  the  specialist  to  know  much  more  on  the  subject  of 
his  specialty  than  such  general  treatises  seem  to  be  able  to  include, 
whereby  they  arc  made  unsatisfactory  to  him.  This  condition  makes 
book-making  which  shall  be  satisfactory  more  difficult  than  it  used  to  be, 
and  perhaps  is  the  occasion  for^the  sense  of  disappointment  which  so 
often  accompanies  the  examination  of  what  are  really  standard  works. 

F.  R.  H. 

Colliery  Surveying.  A  primer  designed  for  the  use  of  students  and  col- 
liery manager  aspirants.  By  T.  A.  O'Donahue,  M.  £.,  editor  of 
Mining  E/tgineering.  First-class  certificated  colliery  manager,  etc. 
New  York:  The  Macmiltan  Company.  1896.  163  pages.  Price, 
80  cents. 
Several  accounts  of  the  instruments  and  methods  used  in  underground 
surveying  have  recently  appeared  in  this  country,  but  they  have  been 
written  with  special  reference  to  the  conditions  prevailing  in  metal  mines, 
and  have  presupposed  a  considerable  knowledge  of  the  principles  of  land 
or  surface  surveying.  In  this  little  book  the  aim  of  the  author  appears 
to  have  been  to  make  his  exposition  of  the  subject  complete  in  itself,  so 
far  as  space  permitted,  and  holding  in  view  the  fact  that  it  is  intended  for 
beginners.*  He  opens  with  a  brief  description  of  the  construction  and 
use  of  the  ordinary  draughting  instruments,  a  resume  of  the  geometrical 
theorems  and  rules  of  mensuration  usually  employed,  and  the  principles 
of  surface  surveying.  Then  follows  a  concise  explanation  of  vernier  read- 
ing and  a  short  description  of  the  compass  and  theodolite.  Having 
reached  this  point,  however,  we  regret  that  our  anticipations  on  taking 
up  the  book  have  not  been  realized.  While  we  do  not  lose  sight  of  the 
fact  that  it  is  intended  to  cover  only  comparatively  simple  colliery  sur- 
veying, and  as  such  it  has  been  unnecessary  to  take  up  the  difhculties 
often  met  in  highly  inclined  and  irregular  mineral  deposits,  still  in  some 
of  the  chapters  brevity  has  been  carried  to  excess,  and  several  important 
omissions  are  apparent.  The  most  serious  omission  is  that  of  the  methods 
of  shaft  surveying.  No  mention  whatever  is  made  of  the  delicate  and 
often  difficult  operation  of  carrying  lines  down  shafts,  and  there  is  only 
a  bare  reference  to  the  connecting  of  the  underground  survey  with  the 
surface.  In  these  matters,  as  in  most  others  pertaining  to  underground 
surveying,  principles  are  easily  comprehended  by  those  who  have  had 
some  training  in  surface  surveying.  The  special  manipulation  required 
underground,  however,  and  the  methods  of  surmounting  the  difficulties 
there  encountered,  should  be  clearly  set  forth  in  detail  in  any  book 
designed  for  the  instructiou  of  students  and  beginners.  We  think,  also, 
that  the  useful  3-tripod  system  of  running  traverses  should  have  received 
more  attention  from  the  author.  The  chapters  on  leveling  and  on  the 
pUuing  of  surveys  are  probably  the  most  satisfactory  in  the  book.  As 
VOL.  xviii.— IJ. 
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the  English  mining  terms  and  phraseology  often  differ  materially  from 
those  in  this  country,  some  care  is  occasionally  required  to  obtain  a.  dear 
understanding  of  the  author's  meaning.  In  an  appendix  is  given  a 
series  of  115  examination  questions  in  mine  survejring  which  may  be 
found  useful.  R.  V. 

A  Text-Book  of  Plane  Surveying.  By  Wiluam  G.  Raymond,  C.E., 
Member  American  Society  of  Civil  Engineers ;  Professor  of  Geodesy, 
Road  Engineering  and  Topographical  Drawing  in  Rensselaer  Poly- 
technic Institute.  American  Book  Company;  New  York,  Cin- 
cinnati and  Chicago,     iimo,  cloth,  4S5  pages.     Illustrated.    Price, 

This  work,  as  its  title  and  the  experience  of  the  author  both  in  teach- 
ing and  practice  would  indicate,  is  a  manual  for  the  study  and  practice 
of  plane  surveying.  Special  care  has  been  taken  to  present  each  subject 
in  a  clear  and  concise  manner  and  with  ample  illustrations.  General 
methods  are  given  first  in  each  case  and  followed  up  by  presenting  the 
subject  in  greater  detail;  a  method  of  instruction  most  agreeable  to 
both  teacher  and  pupil,  also  facilitating  the  use  of  the  book  for  reference 
purposes. 

The  book  proper  is  divided  into  two  parts.  Book  I.  comprises  the  de- 
scription of  all  the  instruments  used  in  ordinary  plane  surveying,  includ- 
ing the  more  modern  types,  and  also  their  elementary  use,  being  divided 
into  six  subjects,  viz.;  The  Measurement  of  Level  and  Horizontal  Line;, 
Vernier  and  Level  Bubble,  Levelling,  Determination  of  Direction  and 
Measurement  of  Angles,  Stadia 'Measurement s,  and  Land  Survey  Compu- 
tations. 

Under  the  first  head  the  illustration  given  of  the  proper  position  for  a 
head  chainman  would  seem  to  be  rather  awkward,  but  may  -have  ad- 
vantages not  at  first  apparent.  The  numerous  "Hints"  and  practical 
suggestions  should  be  of  great  value  to  a  young  and  inexperienced 
engineer.  The  subject  of  Level  Survey  Computations  has  received  spe- 
cially careful  attention  and  has  been  most  systematically  arranged.  It  in- 
cludes the  description  and  use  of  the  Planimeter  and  the  Slide  Rule,  the 
article  upon  the  latter  being  written  by  C,  W,  Crockett,  C.E.,  A.M., 
Professor  of  Mathematics  in  the  Rensselaer  Polytechnic  Institute. 

Book  n.  comprises  General  Surveying  Methods  and  devotes  particular 
attention  to  City  Surveying, Topography,  Earthwork  Computations,  Hydro- 
graphic  and  Mine  Surveying.  The  particular  forms  of  instruments  used 
in  Hydrographic  and  Mine  Surveys  are  treated  under  these  heads,  and  the 
Plane  Table  under  that  of  Topography.  In  connection  with  Topography 
and  Mining  the  colored  plates  at  the  back  of  the  book  are  excellent  ex- 
amples of  maps  finished  as  in  actual  practice,  and  are  a  new  feature  for  a 
work  of  this  kind. 

The  appendix  affords  numerous  practical  problems,  such  as  the  young 
surveyor  is  apt  to  meet  with  ouiside,  and  should  be  of  great  value  for 
practice  before  going  into  the  field. 

The  articles  on  "The  Judicial  Functions  of  Surveyors,"  by  Justice 
Cooley,  of  the  Michigan  Supreme  Court,  and  on  * '  The  Ownership  of  Sur- 
veys," by  the  author,  are  valuable  hints  to  the  beginner.  The  tables  have 
been  most  carefully  prepared  and  for  their  size  are  most  valuable.  The 
printing  of  the  logarithmic  tables  upon  tinted  paper  makes  them  easy  of 
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access ;  large  and  clear  type  is  used,  and  the  paging  is  so  arranged  that 
logarithms  of  all  numbers  beginning  with  a  given  figure  may  be  found 
without  turning  the  page.  Five  place  tables  have  been  adopted,  and  the 
arrangement  for  tenths  of  a  minute  instead  of  for  seconds,  renders  the 
book  more  serviceable  both  for  practical  and  theoretical  purposes. 

T.  H.  H. 

Elements  of  Geometry.  By  Andrew  W.  Phillips,  Ph.  D.,  and  Irvino 
Fisher,  Ph.  D.,  Professors  in  Yale  University.     Harper  &  Brothers. 

1896. 

This  important  treatise  makes  evident  that  its  authors  have  spent  great 
pains  upon  revivifying  the  presentation  of  the  subject  to  studenis.  While 
the  demonstrations  are  rigid,  the  method  of  discussion  is  practical,  and 
the  reasoning  simple  and  clear. 

The  constructions  in  the  plane  geometry  are  distributed  so  that  the 
Student  is  taught  how  to  make  a  figure  before  he  is  required  to  use  it  in 
demonstration.  The  definitions  are  also  distributed  as  needed,  but  cor- 
ralled in  an  alphabetical  index.    Exercises  are  plentiful  and  well  selected. 

"  The  Theory  of  Limits  "  is  treated  with  vigor;  the  chapter  on  "Ratio 
and  Proportion  "  is  thorough,  and  throughout  the  work  natural  and 
symmetrical  methods  of  demonstration  are  favored. 

The  figures  ate  bold  and  varied.  In  diagrams  and  text  single  letters 
are  frequently  used,  for  (onciaeness,  to  designate  lines  and  angles. 
■Geommry  of  space  is  admirably  illustrated  by  means  of  half-tone  engrav- 
ings from  the  photographs  of  actual  models  recently  constructed  for  use 
in  class-rooms  of  Yale  University,  enabling  the  student  to  see  what  in 
the  ordinary  diagrams  he  must  imagine. 

The  work  is  full  of  spirit.  J.  W.  D. 

Colorado.  The  State  Agricultural  College,  the  Agricultural  Experiment 
Station.  Bulletin  ^j.  Seepage  or  Return  Waters  from  Irrigation. 
Fort  Collins,  Colorado,  January,  1896. 

The  above  pamphlet  by  Mr,  L.  G.  Carpenter,  Meteorologist  and  Irri- 
gation Engineer  of  the  Station,  embodies  the  results  of  measurements  and 
gagings  carried  on  for  the  last  five  years  or  more  on  the  Cache  a  la  Poudre 
and  Platte  rivers,  with  theobject  of  determining,  as  closely  as  possible,  the 
amount  of  seepage  from  the  irrigation  works  back  to  these  streams  and 
also  the  nature  of  the  flow  and  the  conditions  which  influence  it. 

The  conclusions  arrived  at,  while  only  applicable,  strictly  speaking,  to 
tfae  valley  in  which  the  measurements  were  made,  will  nevertheless  prove 
interesting  reading  to  all  interested  in  irrigation. 

The  economic  questions  which  an  acccurate  knowledge  of  the  action  of 
seepage  water  from  irrigation  would  help  to  settle  are  many,  their  im- 
portance at  times  giving  rise  to  international  dispute.  As  the  country  be- 
comes more  thickly  settled,  questions  as  to  the  effect  on  the  lower  stream 
of  irrigation  in  the  upper  portions  of  the  valley  will  become  more  nu- 
merous. 

One  of  the  interesting  results  arrived  at  in  these  experiments  was  that 
the  effect  of  temperature  on  the  flow  of  the  ground  water  could  not  be 
neglected.  The  temperature  was  determined  by  three  sets  of  soil  ther- 
mocnelers  buried  in  various  kinds  of  soil  at  depths  of  three  and  six  feet, 
aad  the  conclusion  was  that  "  with  the  range  of  temperature  at  the  depth 
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t>i  ^x  feet,  other  conditioos  remainiDg  the  same,  one-third  more  water 
would  flow  in  August  than  in  March,  and  at  a  depth  of  three  feet  nearly 
one-half  more." 

The  amount  of  flow  depends  upon  so  many  factors  that  no  definite  re- 
sults could  be  arrived  at.  It  was  found,  however,  to  be  approximately 
proportional  to  the  irrigated  area.  It  depends  but  slightly  upon  the  rain- 
fall, and  even  then  only  that  which  falls  on  irrigated  or  already  saturated 
land. 

The  rate  of  flow  of  the  seepage  water  through  the  soil  was  found  to 
be  very  slow,  varying  between  lo.a  feet  per  day  for  sandy  clay  to  12.4 
feet  per  day  for  coarse  sand.  In  this  the  results  agree  very  closely  with 
those  arrived  at  in  India  and  elsewhere. 

The  commercial  value  of  this  seepage  water  is  no  small  item,  amount- 
ing in  the  valley  of  the  Poudre  to  from  ^300,000  to  f  500,000  at  the  least, 
and  in  that  of  the  Platte  from  |2,ooo,ooo  to  f  3,000,000.  It  is  also  of 
corresponding  importance  in  the  valle)s  of  Clear  Creek,  St.  Vrain  and 
otheis. 

A  map  of  the  Cache  a  la  Poudre  and  one  of  the  South  Platte  valley, 
tc^ether  with  several  diagrams  showing  some  of  the  results  graphically, 
help  to  explain  the  text  and  add  much  to  the  usefulness  of  the  report. 

C.  McK.  L. 

Tht  Ctll  in  Development  and  Inheritance.     By  Edmund  B,  Wilson,  Ph. 
D.,  Professor  of  Invertebrate  Zoology,  Columbia  University.     The 
Macmillan  Company:  New  York  and  London.     1896,     Columbia 
University  Biological  Series  IV.,  8vo.,  371  pp.,  illustrated.     Price, 
J3.00. 
This  book  is  the  fourth  in  the  Columbia  University  Biological  Series, 
and  is  the  outcome  of  a  course  of  general  lectutes  delivered  at  Columbia 
University  in  the  winter  of  1892-93.     Its  scope'is,  however,  far  wider 
than  the  limitations  of  a  course  of  lectures  would  allow,  for  to  the  stu- 
dent it  traces  the  recent  advances  in  cellular  biology,  while  at  the  same 
time  it  gives  to  the  general  reader  who  would  keep  abreast  of  scientific 
thought  a  comprehensive  and  com  prebend  able  idea  of  the  position  of  the 
germ  cell  in  development. 

What  Darwin's  theory  of  development  revealed  to  the  scientific  world 
of  the  preceding  generation  is  complemented  by  the  discoveries  concern- 
ing the  nature  of  the  germ  cell  made  during  the  past  twenty  years. 

The  theory  summed  up  briefly  is  that  a  single  cell,  or  rather  two  cells, 
one  from  the  male  and  one  from  the  female,  "may  contain  within  their 
microscopic  compass  the  sum-total  of  the  heritage  of  the  species. 

The  history  of  ihe  research  upon  this  subject,  the  experiments  and  rc- 
futtd  theories,  and  the  various  steps  of  progress  by  which  the  problems  of 
evolution  have  been  reduced  to  problems  of  the  cell,  are  described  by 
Dr.  Wilson  in  clear  English  and  in  a  literary  style  that  few  scientific 
writers  have  at  their  command. 

A  glance  through  the  book  at  its  fine  plates,  all  of  cells,  showing  their 
structure,  the  phenomena  of  their  division,  their  mode  of  origin  and  their 
union  in  fertilization,  might  lead  one  to  think  that  the  book  was  written 
exclusively  for  a  class  of  specialists ;  so  exhaustive  and  detailed  arc  the 
illustrations  But  the  reading  matter  on  the  problems  of  heredity  and 
variation  will  interest  a  larger  class  of  thinkers,  and  will  present  to  the 
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general  .reader  the  idea  that  life  is  a  coDtinuous  stream,  and  that  "  an  un- 
iDtemipted  series  of  cell  division  extends  backward  from  existing  plants  and 
animals  to  that  remote  period  when  vital  organization  assumed  its  present 
form." 

Dr.  Wilson  has  written  from  Weismann's  point  of  view,  showing  the 
Cffganic  connection  between  the  theory  of  evolution  and  the  cell  theory. 

The  bibliography  is  very  fully  and  carefully  worked  out,  and  for  the  ■ 
greater  convenience  of  the  student  a  list  of  the  works  of  chief  importance 
bearing  on  the  subject  has  been  appended  in  each  chapter.  No  original 
work  of  the  kind  has  heretofore  appeared  in  English,  and  Dr.  WIson's 
presentation  of  the  subject  will  be  an  invaluable  aid  to  the  students  of 
cellular  biology.  S.  E.  J. 
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HAVEMEYER  HALL  AND  THE  ENGINEERING  BUILDING.* 

The  corner  stones  of  Havemeyer  Hall  and  the  Engineering  Building 
were  laid  on  the  fourth  of  November,  in  the  presence  of  the  Trustees, 
the  donors  of  Havemeyer  Hall  and  the  heads  of  the  departments  which 
are  to  occupy  the  buildings.  Bishop  Littlejohn  officiated  at  the  laying  of 
the  corner  stone  of  Havemeyer  Hall,  and  after  the  stone  had  been  laid 
by  Mrs.  Kate  B.  Belloni,  a  daughter  of  the  late  Frederick  Christian 
Havemeyer,  in  whose  memory  the  building  is  given,  President  Low  de- 
livered the  following  address : 

GcHlhmtn  of  Ike  TruHtes,  Ladies  and  Ceiilieiien: 

Hjiemeyer  Hall,  liie  comer  stone  of  which  has  just  been  laid,  is  lo  be  the  borne  of 
tbe  Chemical  Depanmeni  of  Columbia  University.  Temporarily  it  will  give  shelter, 
■Iso,  to  the  DepoTtmeDt  of  Archiieclure  and  to  (he  Department  of  Metallui^;  bul  ihe 
day  is  not  likely  to  be  far  distant  when  the  Depailment  of  Chemistry  will  need  all  the 
accommodation  tl  supplies.  It  is  fitting  that  one  of  the  main  angles  of  oiir  entire  group 
of  baildings  should  be  buttressed  on  this  science.  I  remember  well  thai  when  the 
National  Academy  of  Sciences  met  in  this  city,  a  few  years  ago,  Professor  Pickering, 
Ifac  astrmomcr,  of  Harvard  University,  displayed  photographs  of  the  spectra  of  sinra 
that  are  out  of  sight  to  tbe  naked  eye.  Professor  Brewer,  of  Vale  University,  in  talk- 
ing with  me  about  this  display,  retnarked  that  if  he  had  been  asked  twenty  years  before 
which  science  of  the  whole  range  of  science  was  "of  the  earth,  earlhy,"  he  would 
have  replied  without  hesitation,  chemistry;  because,  unless  you  could  handle  a  sub- 
stuce,  liow  was  it  possible  lo  tell  what  entered  into  its  composition  ?  Yet  here  we  are, 
he  added,  discovering  the  chemical  composition  of  stars  that  we  cannot  even  see ! 
Thus  chemistry  bears  emphatic  testimony  to  tbe  tmily  of  the  universe,  and,  with  its 
companion  sciences  of  astronomy  and  physics,  is  helping  us,  day  by  day,  lo  read,  even 
in  the  farthest  reaches  of  space,  "what  is  still  unread  in  the  manuscripts  of  God." 

If,  on  the  other  hand,  yon  will  pass  up  and  down  the  chemical  museum  that  has 
been  created  and  arranged  for  this  University  by  Dr.  Chandler,  you  will  be  astonished 
lo  perceive  how  chemistry  is  related,  in  one  Ibrm  or  another,  to  the  daily  necessities  of 
life  and  lo  almost  every  imaginable  industry  and  art.  Food  and  drink,  in  all  their 
tonos,  and  the  air  we  l^eatbe,  are  subjects  of  chemical  analysis;  so  that  in  these  latter 
days  chemistry  is  tbe  handmaiden  of  medicine  no  less  than  of  tbe  industrial  arts. 

I  recollect  that  a  prominent  steel  manufacturer  said  to  me,  not  long  ago,  that  be  bad 

•  Reprinted  from  University  Bulletin. 
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made  steel  for  Iwo  yeais  out  of  the  wiite  heaps  of  his  neigbbois'  ractories,  because  be 
had  been  the  first  lo  emploj'  a  trained  chemist  as  apart  of  the  regular  force  in  his  estab- 

lishmeni.  The  industrial  prioress  of  roodeni  Getmany  may  almost  be  said  to  rest  prim' 
atily  upon  chemistry,  so  im]>ortant  a  factor  is  it  in  all  Geiman  industries  Similarilj,  I 
am  glad  to  believe  that  ibe  generous  donors  of  Havemeyer  Hall  have  tboughl  it  to  be, 
in  an  especial  sense,  a  fitting  roemorial  of  ihe  late  Frederick  Christian  MaTemejcr  to 
erect  a  home  io  this  L'niverbily  for  the  Department  of  Chemistry,  because  the  indtisliy 
of  Ihe  refining  of  sugar  rests  so  immediately  upon  this  science.  Havemeyer  Hall 
Slands,  also,  in  a  fortunate  neigtbDrliood  (□  the  Engineering  Building,  for  the  laws  of 
mechanics,  as  applied  by  the  engineer  to  Ibe  mauipulation  of  the  raw  sugar  and  the 
various  syrups,  have  been  only  less  inRuenlial  than  chemistry  in  cheapening  the  indus- 
trial processes  involved  in  sugar  refiping.  The  day  will  Come  in  the  United  States,  I 
am  coolident,  when  the  employcntnl  of  trained  chemists  will  be  as  common  in  the  manu- 
facluting  industries  of  the  country  as  it  is  in  Germany.  It  is,  therefore,  an  eminently 
gracious  and  graceful  thing  for  men  to  do,  whose  fortune  rests  largely  upon  the  odvaoces 
that  chemistry  has  made  possible  in  the  development  of  their  business,  to  give  to  this 
University  the  means  of  equipping  young  men  for  service  as  chemisis  in  all  the  manifold 
ways  in  which  chemisis  may  serve  the  community  and  the  country.  The  field  of  [he 
chemist's  labor,  as  I  have  shown,  is  as  wide  as  Ihe  universe,  and  his  opportunities  of 
service  as  larious  as  the  industries  of  men. 

To  prepare  young  men  for  such  a  service  this  building  has  been  given,  and  Columbia 
has  pledged  herself  to  the  donors  to  make  it  as  highly  useful  as  it  is  in  her  power  to  do. 
To  redeem  this  pledge  she  will  put  forth  every  effort,  because  she  well  understands  that 
only  so  can  she  make  Ilavemeyer  Hall  a  worthy  memorial  of  the  useful  life  of  Fred- 
ericli  Christian  Havemeyer. 

At  the  conclusion  of  his  address  President  Low  called  upon  Professor 
Chandler,  who  said : 

Mr.  PrtsidenI,  Trtislees  of  Columbia  Univfrsily,  ladies  and  GeUltmrn  .■ 

I  can  not  express  in  words  the  pleasure  and  satisfaction  which  it  gives  me  to  enjoy 
the  privilege  of  being  present  to-day  at  the  laying  uf  the  comer  stone  of  this  magnifi- 
cent chemical  building.  Ever  since  the  Chemical  Department  of  ihe  School  of  Mines 
opened  its  first  laboratory,  for  twelve  studenLs,  in  the  cellar  of  the  old  building  at  Forty- 
ninth  Street,  thirty-two  years  ago,  on  November  15.  1S64,  I  have  looked  forward  with 
hope  to  the  day  wben  suitable  accommodation!!  should  be  provided  al  Columbia  for  this 

And  DOW  my  expectations  are  to  be  realiied.  The  finest  and  most  complete  chemical 
building  in  Ihe  world  is  now  rising  upon  the  most  favorable  spot  on  New  ^'ork  Island, 
and  Columbia  University  wiU  soon  be  able  nol  only  to  olTer  every  facility  for  the  amdy 
of  chemistry,  in  all  iis  t>raoches,  theoretical  end  applied,  but  also  lo  invite  graduate  stu- 
dents to  enter  its  well  equipped  laboratories  to  prosecute  original  investigations. 

It  is  a  great  pleasure  to  me  thai  this  gift  should  come  from  a  lamily  which  stands  so 
high  in  this  community,  members  of  which  have  long  been  my  friends,  and  some  of 
whom  have  been  pupils  in  our  laboralorieii,  and  it  is  extremely  satisfactory  that  this 
building  is  to  bear  the  name  of  Havemeyer  Hall,  and  lo  stand  as  an  enduring  monu- 
ment to  Mr.  Frederick  Christian  Havemeyer,  who  laid  the  foundation  of  one  of  the 
most  importonl  and  extensive  chemical  industries  of  this  country. 

As  the  representative  of  the  Chemical  Deportment  of  Columbia  University,  I  prom- 
ise lo  do  everything  in  mj  power  to  make  the  usefulness  of  Ibis  building  eijual  the  gen- 
erosity of  its  donors. 

The  Rev.  Dr.  Coe  officiated  at  the  laying  of  the  corner  stone  of  the 
Engineering  Building,  and  Professor  Crocker,  representing  the  Depart- 
ment of  Electrical  Engineering,  laid  the  stone.  Henry  S,  Munroe,  E. 
M.,  Ph.  D.,  Professor  of  Mining,  spoke  as  follows  of  the  purposes  to 
which  the  building  is  lo  be  devoted  : 

We  are  10-day  to  lay  the  comer  slones  of  two  more  of  the  group  of  beautiful  build- 
ings planned  for  Ihe  new  home  of  Columbia  University.  The  Liorary  Building,  with 
its  dassfc  porch,  dominating  the  group  with  its  lofty  dome,  is  appropriately  devoted  to 
lilerature.  philosophy  and  law,  representing  the  historical  university  faculties.  The 
four  great  buildings  which  we  see  rising  about  us,  of  a  more  modern  type  of  architec- 
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ture,  uaigned  to  nMural  history,  pbyuc9,  cheiuislry,  and  engineering,  olTer  sinking  (es- 
limonjF  to  the  place  that  scieace  has  conquered  in  ihe  modem  univenitj.  Kormeily  il 
wai  acceptcil  withoul  question  that  "  the  proper  Etud;  of  manWind  is  roan."  ]n  this 
age  we  have  begun  Co  look  about  us,  and  we  now  recognize  that  the  slBdy  of  manWind 
is  incomplcle  without  (be  study  also  of  his  environment.  The  world  in  which  we  live,  aod 
the  other  worlda  hy  which  wc  are  surrounded ;  Ihe  animals  and  plants  inhabiting  the 
worid  with  us,  and  those  which  lived  here  in  ages  past ;  the  laws  of  the  universe ;  the 
forces  of  nature  ofTer  boundless  fields  for  the  student. 

The  renaissance  architecture  of  these  scientilic  buildings  typifies  the  new  life  given  to 
the  ocivenity  by  science.  Not  only  does  educstiou  gain  by  the  eolargement  of  the  lield 
of  study,  but  methods  of  invesligation  borrowed  from  men  of  science,  and  applied  to 
(he  study  of  language,  of  philosophy,  of  history  and  of  law,  have  enabled  these  (o 
make  a  grealei  advance  in  the  last  few  decades  than  in  centuries  before. 

The  dedicalioD  of  a  university  building  to  engineering  posesses  great  significance.  It 
shows  bow  far  Columbia,  in  common  with  other  American  institutions  of  learning,  has 
advanced  beyond  the  narrow  view  of  the  medieval  university  which  nill  obtains  Id 
Europe.  It  is  a  rect^ition  of  the  truth  thai  science  is  not  only  to  be  Ibllowed  for  its 
own  sake,  for  the  pleasure  and  exdlement  of  conquering  new  fields,  but  the  scientilic 
studies  with  a  deiinite  object  in  view,  investigations  that  will  beneiit  mankind,  are  evea 
more  worthy,  and  may  properly  lind  place  in  an  institution  of  higher  learning. 

The  erection  of  a  building  for  ctigloeering  amoi^  the  first  of  Columbia's  new  halls  U 
an  ^propriate  reo^^itioa  of  the  fact  that  Columbia  was  one  of  Ihe  lirst  colleges  In  this 
country  to  add  engineering  studies  to  its  curricaluDi,  being  anticipated  in  this  by  Union, 
iJarvard,  Yale  and  Michigan  onlj.  Coliimbia  was  the  first  to  establish  a  course  in 
mining  engineering  ;  she  was  among  the  first  to  give  instruction  in  saniiar?  engineering, 
in  electrical  engineering,  and  in  these  and  in  many  other  respects  Columbia  has  taken 
the  lead  in  engineering  education. 

In  Europe  the  univeisities  for  the  most  part  bold  themselves  aloof  frum  the  schools  of 
technolc^y  and  engineering,  and  there  is  a  very  strong  feeling  there  among  the  sdeutific 
men  connected  with  the  unifeislties  against  engaging  In  useful  work,  against  applied 
sdcDcc.  Recently  a  distinguished  German  mathematician  has  uttered  a  protest  against 
this  feeling.  He  claims  that  applied  mathematics  is  worthy  ihe  attention  of  the  student  of 
pure  science,  and  that  be  will  be  benefited  rather  ihan  harmed  by  practical  problems  and 
practical  applications.  His  protest  has  taken  a  peculiar  fonn,  ai  if  the  professor  hardly 
dared  to  face  boldly  the  criticisms  of  bis  colleagues  should  he  turn  his  mathematics  to  a 
pnrpoBe  altogether  useful.  The  distinguished  savant  gravely  applies  himself,  vrith  the 
ud  of  higher  mathematics,  to  the  investigation  of  the  laws  governing  the  movement  of  a 
spinning  top ! 

It  is  fortunate  for  us  that  there  is  in  this  country  but  little  of  the  prejudice  against  ap- 
plied science  that  is  found  abroad,  and  against  which  Professor  Klein  finds  It  necessary 
ID  protest.  At  Columbia  pure  science  and  applied  science  work  together  in  harmony 
and  with  mutual  advantage. 

This  building  is  to  be  equipped  with  lBborat<»ies  for  the  study  of  practical  problems 
in  mining,  civil,  mechanical  and  electrical  engineering.  Problems  of  the  greatest  im- 
portance to  the  world  and  to  society  await  solution  in  these  various  branchea  of 
engineering. 

In  an  address,  a  year  or  so  ago,  betbre  the  Alumni  of  the  School  of  Mines,  Dr.  Ray- 
mond showed  that  Ihe  world  has  begun  to  rave  uioney  and  to  grow  rich  and  comfort- 
able only  within  Ihe  present  century.  He  showed  that  this  proGperity  dales  from  the 
time  that  sleam  began  to  take  the  place  of  human  eneigy.  The  use  of  steam  has  multi- 
plied the  power  and  efficiency  of  the  race.  With  its  aid  we  are  forcing  the  earth  to 
give  up  her  treasures  of  coal,  oil,  gas  useful  and  precious  metals,  while  agriculture, 
fisheries  and  manufactures  have  developed  as  never  before.  When  we  compare  the 
condition  of  the  peasant  and  the  laboring  man  of  Ihe  Middle  Ages  wilh  the  comparative 
cconfbct  enjoyed  by  men  of  similar  position  to-day  wc  realize  Ibe  advance  that  has  been 
made.  But  much  remains  to  be  done.  Owing  to  our  limited  and  Imperfect  knowledge, 
we  waste,  of  necessity,  vastly  more  of  the  wealth  that  the  earth  furnishes  us  than  we 
Utiliie.  For  example,  It  is  estimated  that  for  every  ton  of  antbrscite  coal  sent  to  market 
one  and  a-half  tons  are  lost  in  mining  and  in  preparing  the  coal  for  use.  Last  year  the 
coal  product  of  eastern  Pennsylvania  was  worth  at  the  mines  about  (90,000,000.  The 
loss  was  then  about  1135,000,000.  Il  is  estimated  also  that  we  utilize  but  about  oiie- 
e^fath  of  the  power  stored  up  in  coal  when  we  bum  il  under  boilers  to  faralth  steam. 
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Is  CDgiaeeriDg  comtmclkia,  to  guard  igMnst  pouibU  iraperfectioa  in  materitl  and 
uaknowD  Kiurces  of  wukoeis,  we  are  acciutonied  lo  employ  "  factors  of  lafelf,"  and 
(o  use  three,  four  or  live  timei  ai  much  material  ai  rigid  calculaiioiu,  based  upon  the 
belt  obtainable  data,  would  aeem  to  demand.  Tb«e  are  fvobablj  extrenie  cases.  The 
losi  in  mining  ia  not  oflen  u  targe  as  io  PetmsjlvaniB,  where  the  conditioni  are  un- 
faTorable  to  economic  worlcing.  Water  power,  steam  power  and  electric  energy  are 
more  folly  utiliied  than  caloritic  power.  "  Fact(KS  of  safety"  will  always  be  necessaiy. 
Neverlheless,  similar  instances  of  waste  of  material  and  loss  of  encigy  meet  us  oo  e>Ct7 
band,  and  it  is  not  loo  much  to  lay  that  we  looae  or  waste  vastly  more  of  nature's 
wealth  than  we  utilize.  Every  discovery  in  applied  science  tends  to  lessen  these  losses. 
Tbe  lationlories  which  it  i>  proposed  to  equip  in  his  beautiful  building  have  thns  im- 
portant wotIi  Io  do.  and  if  pn^ierty  used  they  may  render  moat  important  icrrice  lo 
mankind.  When  we  consider  whit  has  been  done  for  ibe  race  in  the  preaeat  century, 
it  seems  that  we  have  only  to  continue  this  good  work  ard  use  more  carefully  natnrc'l 
bounty  to  bring  about  the  Utopian  dreama  of  the  philanthropist. 

The  first  object  of  this  building  and  these  laboratories  is,  however,  the  training  of 
young  men  as  engineers.  In  addition  to  the  waste  dne  to  aur'imperfect  knowledge, 
even  greater  losi  and  waste  results  when  mines,  manufactories  and  public  works  are  in 
incompetent  hands.  The  useful  work  that  is  now  being  accomplished  by  the  thousand 
youTig  men  who  have  been  graduated  from  the  School  of  Mines,  and  the  work  that  will 
be  done  by  the  thousands  that  will  come  after  them,  is  sufiicient  warrant  for  the  large 
sums  spent  by  this  University  on  their  education,  and  the  Hill  larger  sums  tbe  is  pro- 
posing to  spend  as  trustee  of  the  wise  and  far-seeiog  men  who  have  put  and  are  puoing 
their  wealth  into  her  hands.  The  money  spent  in  the  training  of  these  young  men  is 
well  spent,  and  yields  retumt  that  cannot  be  meuured.  In  this  building  will  be  trained 
tniniDg  engineers  to  develop  and  operate  mines,  to  tarnish  lor  our  use  the  treasures  of 
the  earth  upon  which  modem  dviliiation  i*  founded — coal,  to  lake  the  place  of  human 
eneigy  and  relieve  the  race  Irom  drudgery,  and  the  metals,  the  use  of  which  marks  the 
difference  between  (he  primitive  savage  i^  the  Stone  Age  and  civilized  man  with  all  the 
comforts  and  luiunes  of  the  nineteenth  century.  In  this  building  will  be  trained  civil 
engineeis  lo  conslrnct  and  take  charge  of  public  works,  roads  and  bridges,  railroads 
and  canals,  to  improve  our  rivers  and  harbors,  to  superintend  great  municipal  works,  IO 
irrigate  deserts,  lo  drain  swamps  and  fit  waste  places  for  human  habitation.  Here  will 
be  trained  electrical  and  mechanical  engineers,  who  harness  tbe  mighty  forces  of 
nature  and  compel  them  to  our  service,  to  move  us  when  we  wilt,  to  bring  mercbaDdise 
for  us  from  (he  uttermost  parts  of  the  earth,  to  fashion  wood  and  metal  and  other  prod- 
It  is  fortunate  for  the  School  of  Mines  and  the  School  of  Engineering  that  they  arc 
associated  with  a  great  university.  This  association  forces  them  to  maintain  high  ideals 
and  a  high  ttindord  of  scholarship.  The  student  of  applied  science  has  the  advantage 
of  university  instruction  in  pure  science  and  mathematics,  and  the  foundation  for  the 
professional  studies  is  thus  well  and  broadly  laid,  Tbe  contact  with  men  who  are 
seeking  liberal  culture  cannot  fail  to  extend  the  horizon  and  broaden  tbe  views  of  the 
technical  student,  and  we  hope  may  induce  him  to  seek  first  a  liberal  education  before 
entering  upon  his  professional  studies. 

On  the  other  band,  the  demands  of  the  couises  in  applied  science  in  the  departments 
of  mineral!^,  geol<^,  chemistry  and  physics  have  necessitated  the  splendid  equipment 
of  laboratories  and  museums  now  possessed  by  the  University  in  these  branches  of 
science.  Thus  each  gains  by  the  presence  of  the  other,  and  in  their  union  lies  the 
strength  of  the  typical  American  university — Columbia. 

The  following  papers  and  do<Ainient5  were  deposited  id  the  tx>nwr 
stones :  cbaiter  and  acts  relating  to  the  University ;  statutes  of  the  Uni- 
versity and  by-laws  of  the  Trustees  ;  programme  of  the  Dedication  pro- 
'  ceedings,  historical  sketch  of  the  University,  and  addresses  delivered  upon 
the  Dedication  ;  general  catalogue  of  the  ofRcers  and  alumni  \  catalogue 
for  the  year  1S95-96 ;  annual  reports  of  the  President  and  Finance  Com- 
mittee for  1896;  circulars  of  information  of  the  Departments  of  Chem- 
istry, Architecture  and  Metallurgy  and  of  the  Departments  of  Civil, 
Mining,  Electrical  and  Mechanical  Engineering;  views  of  Havemeycr 
Hall  and  the  Engineering  Building,;  a  copy  of  the  last  number  of  the 
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University  Bulletin,  and  newspapers  of  the  day ;  and  also  in  ihe  corner 
stone  of  Havemeyer  Hall  a  copy  of  the  letter  of  Mr,  Henry  O.  Have- 
meyer  of  April  7,  1896,  offering  to  present  to  Ihe  University  a  chemical 
building,  to  be  known  as  Havemeyer  Hall  in  memory  of  the  late  Fred- 
erick Christian  Havemeyer,  as  a  gift  from  Charles  H.  Senff,  his  nephew, 
Frederick  C,  Havemeyer,  Theodore  A.  Hayemeyer,  Thomas  J,  Have- 
meyer and  Henry  O.  Havemeyer,  his  sons,  and  Kale  B.  Bclloni  and  S. 
Louisa  Jackson,  his  daughters;  together  with  copies  of  the  agreement 
between  the  University  and  the  donors,  and  of  the  resolution  of  thanks 
adopted  by  the  Trustees. 

THE  SCHOOL  OF  ARCHITECTURE. 

The  establishment  of  the  Department  of  Architecture  as  an  independent 
school  at  the  beginning  of  the  present  year  was  only  the  formal  recognition 
of  the  separation  from  the  other  departments  in  the  School  of  Mines, 
which  had  already  taken  place.  The  action  of  the  School  of  Mines 
Faculty  a  year  ago  in  consenting  that  the  students  in  Architecture  should 
no  longer  attend  the  instruction  in  Physics,  Chemistry,  Applied  Chemts- 
try  and  Geology  completed  an  isolation  which  had  begun  several  years  be- 
fore, when,  as  Professor  Trowbridge  suggested,  students  should  have 
special  instruction  in  Architectural  Engineering,  instead  of  attending  his 
own  lectures.  This  change  enabled  them  10  concentrate  their  time  and 
attention  on  the  things  they  most  needed  to  know,  and  proved  50  bene- 
ficial in  practice  as  to  encourage  the  idea  that  those  branches  of  Applied 
Chemistry  and  Geology  that  were  most  pertinent  to  building  operations 
could  be  pursued  to  better  advantage  if  separated  from  the  general 
courses  of  lectures  in  these  subjects.  This  involved,  of  course,  the  sacri- 
fice of  many  interesting  topics,  but  it  was  the  only  way  of  gaining  time 
for  the  expression  and  development  of  the  more  strictly  professional  work. 
It  was  assumed  that  the  knowledge  of  physics  and  chemistry  required  for 
admission  to  the  School  would  suffice  for  the  intelligent  prosecution  of 
these  special  studies. 

The  result  seems  to  be  justitying  these  expectations.  A  new  course  of 
lectures,  one  a  week,  running  through  three  j'ears,  has  been  established, 
under  the  name  of  Building  Materials.  This  accompanies  and  illustrates 
the  choice  in  specifications.  Both  are  attended  by  all  the  students  in  the 
first  three  years  of  the  School,  and  as  Ironwork  is  taken  up  one  year, 
Masonry  the  next,  and  Woodwork  the  next,  each  class  covers  all  these 
topics,  though  in  a  varying  order  of  succession.  As  each  material  comes 
up  it  is  exhaustively  discussed,  from  the  point  of  view  of  geology  and 
chemistry,  its  mode  of  manufacture,  practical  applications  and  uses,  and 
the  means  of  preserving  it  from  decay.;  the  work  is  thus  classified  accord- 
ing  to  the  subject-matter,  or  according  to  the  sciences  which  bear  upon 
it.  The  scientific  instruction  is  thus  rendered  more  particular  and 
pertinent. 

The  present  year  is  the  year  for  Masonry.  The  new  course  is  mainly 
in  the  hands  of  Mr.  Warren,  and  is  an  expansion  of  the  instruction  that 
formerly  be  had  to  crowd  into  bis  lectures  on  Specifications.  These,  in 
turn,  being  relieved  from  this  burden,  themselves  receive  a  fuller  devel- 
opment.    But  his  work  is  supplemented  by  all  the  resources  of  the  Uni- 
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versity.  After  two  or  three  elementary  lectures  in  Geology,  Professor 
Kemp  contributed  five  lectures  on  Building  Stones,  and  a  little  later  a 
lecture  on  Clay.  Mr.  Riesgave  a  lecture  on  Brick -making,  and  Mr.  Vulte 
and  Professor  Ricketts  have  promised  to  follow  with  lectures  on  Cements 
and  Artificial  Stones.  Other  professors  in  the  Schools  of  Chemistry  and 
Civil  and  Electrical  Engineering  have  promised  also  to  lend  a  hand  when 
their  assistance  is  needed.  It  seems,  then,  as  if  the  formal  separation  from 
the  scientific  departments,  instead  of  diminishing  the  amount  of  scientific 
Study,  and  making  the  School  of  Architecture  a  "  mere  School  of  Art," 
as  some  of  its  friends  feaj'ed  might  happen,  is  really  working  to  give  it  a 
greater  enjoyment  of  the  advantages  of  its  position  than  it  had  before. 
These  relations  of  comity  and  good  neighborhood,  and  the  voluntary  ser- 
vice they  stimulate,  are  more  efficient  than  the  mere  formal  relations  they 
have  superseded.  These  exercises  also  take  less  of  the  students'  time, 
which  is  a  great  gain,  and  as  each  topic  comes  round  only  once  in  three 
years  they  impose  no  greater  tax  upon  the  abundant  good-will  and  gen- 
erosities of  these  auxiliaries  than  in  its  abundance  it  seems  well  able  to 
bear. 

ELECTRICAL  ENGINEERING  DEPARTMENT. 

The  rearrangement  of  some  of  the  courses  in  this  department  has 
shown  the  wisdom  of  giving  to  the  second-year  men  throughout  the  entire 
year  instruction  in  the  fundamental  principles  of  Electrical  Engineering, 
this  being  carried  on  by  Professor  Crocker  and  Mr.  Freedman.  By  bring- 
ing the  men  thus  early  into  contact  with  the  officers  of  this  department, 
they  not  only  become  more  familiar  with  the  lines  which  they  are  to  fol- 
low in  the  future,  but  also  see  the  importance  and  bearing  of  the  de- 
pendent subjects  which  they  are  pu»uing  and  have  in  this  way  their 
interests  augmented.  Some  of  the  lecture  courses  in  the  third  and  fourth 
years  have  been  greatly  improved  by  the  introduction  into  them  of  suit- 
able text-books.  Professor  Crocker's  book  on  "Electric  Lighting"  is 
being  used  with  much  success  in  his  courses  in  Electric  Lighting  and 
Electrical  Engineering,  and  the  advance  material  for  the  second  volume 
is  being  freely  read  in  his  fourth-year  courses  in  Eectrical  Engineering. 

The  course  in  electrical  measurements  by  Mr.  Freedman  has  been 
mtich  facilitated  by  the  use  as  a  text-book,  of  Nipher's  "  Electricity  and 
Magnetism,"  thus  obviating  the  necessity  on  the  part  of  the  students  of 
taking  as  many  notes  as  was  formerly  necessary  in  this  subject.  Much 
more  ground  can  be  covered  and  much  more  satisfactorily  than  by  giving 
this  course  entirely  by  lectures. 

Mimeographic  notes  covering  the  mechanical,  as  well  as  many  of  the 
electrical  points  in  the  construction  of  dynamos  and  motors,  have  been 
read  with  satisfaction  in  the  course  in  Dynamo  Practice  given  by  Professor 
Crocker  and  Mr.  Sever. 

Mr.  Freedman  is  preparing  a  set  of  nptes  to  cover  the  discussion  of 
telephone  and  telegraph  practice  in  this  country,  as  the  two  subjects 
are  in  many  details  similar  and  no  book  on  either  of  these  subjects  is  at 
all  suitable  for  use  in  instruction. 

The  third-year  laboratory  work  has  been  much  improved  by  the  intro- 
duction of  a  definite  set  of  experiments  outlined  in  mimeographic  notes, 
these  experiments  covering  the  investigation  of  the  actions  of  direct  cir- 
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cuit  dynamos  and  motors.  Close  supervision  of  the  students'  woTk  and 
insistence  upon  accuracy  in  results  have  done  much  towards  improving 
the  quality  of  the  work  carried  on  in  this  course.  The  fourth-year  inslru- 
mental  work  under  Mr.  Freedman  and  Mr.  bever  has  been  much  im- 
proved by  the  use  of  printed  forms  for  the  recording  of  results,  these 
indicating  'clearly  the  method  of  presenting  the  results  of  the  experi- 
ments. Mr.  Freedman  is  preparing  a  set  of  notes  to  cover  this  work. 
The  department  has  purchased  a  lo-horse  power  3-phaae  General  Elec- 
tric alternating- current  motor,  a  i-horse  power  Fort  Wayne  Synchronous 
alternating- current  motor,  and  has  been  presented  with  a  W.  P.  30  Geo- 
eral  Electric  Co.  railway  motor. 

Besides  these  machines  there  have  been  presented  to  the  department  a 
number  of  small  appliances  for  its  use  or  for  filling  the  cases  which  will 
be  placed  in  our  electrical  museum  in  the  new  building. 

There  will  be  needed  at  the  new  laboratory  a  40-horse  power  alterna- 
ting-current dynamo  and  a  so-horse  power  direct- current  dynamo,  neither 
of  which  have  as  yet  been  obtained. 

The  thesis  work  is  well  advanced,  some  of  the  subjects  being  as  fol- 
lows :  "  Investigation  of  the  action  of  a  special  form  of  circuit  breaker." 
"Effect  of  heat  upon  insulating  material."  "Test  of  a  storage  battery 
station."  "Test  of  a  motor  driven  manufactory,"  "Investigation  of 
open  and  closed  magnetic -current  transformers. 

G.  F.  Sever. 

THE  ENGINEERING  SOCIETY. 

The  officers  of  the  Engineering  Society  for  the  cuirent  year  arc; 
President,  Frederick  M.  Holbrook,  E.  E.;  First  Vice-President,  Charies 
E.  Rogers,  C.  E.;  Second  Vice-President,  William  S.  Davidson,  E.  M.; 
Secretary,  George  S.  Brackett,  E.  M  ;  Treasurer,  Haoford  C.  Judson, 
E.  E.;  Editor  of  the  Year-Book,  Alexander  S.  Fanner,  C.  E.;  First 
.\s^ant  Editor,  Ignatius  O'Reardon,  C.  E;  Second  Assistant  Editor, 
James  B,  Humphreys,  E.  E.;  Honorary  President,  Professor  Frederick 
R-Hutton,  E.  M.,  Ph,  D. 

The  condition  of  the  Society,  numerically,  financially  and  enthusias- 
tically, was  never  so  flourishing  as  at  the  present  time — the  twelfth  year 
of  its  history.  There  are  now  enrolled  107  active  members,  338  associ- 
ate members  and  a  2  honorary  members. 

Thus  far  during  the  year  the  following  lectures  have  been  delivered 
hefore  the  Society : 

November  4,  1896. — -The  Mechanical  Engineering  of  the  Sireet  Rail- 
■may  Problem.     By  Professor  Frederick  R.  Hutton. 

Professor  Hutton  explained  by  the  aid  of  numerous  lantern  slides  all 
ol  the  street-railway  systems  now  in  use,  together  with  the  advantages 
and  disadvantages  of  each.  He  refrained,  however,  from  expressing  an 
opinion  as  to  the  precise  solution  of  the  problem,  since  the  conditions  and 
requirements  of  traffic  were  so  various  that  a  general  solution  was  inde- 
terminate. 

Mt.  George  F.  Lever  presented  a  very  interesting  discussion  of  the 
paper. 

November  18,  1896— ?»<  Water  Works  of  Brooklyn,  N.  Y.  By 
Richard  W.  How,  Jr.  (C  .£.) 
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Mr.  How  described  by  the  assistance  of  charts  and  photographs  both 
the  present  state  of  the  works  and  the  extensions  proposed  or  in  proces. 

December  2,  1896 The  Central  Station  vs.  the  Isolated  Plant.    By 

Mr.  Max  Osterbei^,  E.  E.,  A.  M. 

Mr.  Osterberg  showed  that  from  an  economical  standpoint  a  system 
employing  many  isolated  plants  for  electric  lighting  in  many  cases  pre- 
sented advantages  over  the  central  station  of  no  inconsiderable  impor- 
tance. 

Professor  F.  B.  Croker  supplemented  the  paper  by  citing  a  problem 
which  he  had  some  time  previously  worked  out,  in  which  the  same  prin- 
ciple of  economy  was  manifest.  He  had  reference  to  feeding  small  low 
tension  sub-stations  distributed  through  a  city  from  a  remote  source,  gen- 
erating electrical  energy  at  high  tension. 

January  13,  1897, — A  Talk  on  Ship  JBuilding.     By  Mr.  Lewis  Nixon. 

Mr.  Nixon  outlined  and  carried  his  auditors  through  the  process  of  the 
building  of  a  ship  from  the  time  of  the  Jetting  of  the  contract  until  the 
trial  trip  and  final  acceptance  by  the  owners.  The  scope  of  this  lecture 
represented  a  new  departure  in  the  work  of  the  Society,  and  it  is  to  be 
hoped  that  Columbia  may  in  the  future  comprise  this  subject  in  its  curric- 
ulum. 

The  principal  work  accomplished  by  the  Society  aside  from  the  papers 
and  lectures  has  been  the  revision  or  really  the  reconstruction  of  its  con- 
stitution to  meet  the  changed  and  increased  requirements  due  to  the  So- 
ciety's growth  and  development. 

On  account  of  the  readjustment  of  the  university  departments,  the 
name  has  been  changed  from  "  The  Engineering  Society  of  the  School  of 
Mines"  to  "The  Engineering  Society  of  Columbia  University." 

A  committee  has  been  intrusted  with  the  work  of  designing  an  ap- 
propriate "  shingle  "  or  seal  and  certificate  of  membership,  which  will  add 
greatly  to'the  dignity  of  the  Society  and  will  be  a  momento  which  in  after 
years  will  recall  tu  a  graduate  most  pleasant  reminiscences  of  a  member- 
ship in  an  organization  which  has  for  its  object  the  development  of  engi- 
neering knowledge  and  tastes  and  to  bring  the  undergraduate  engineer 
into  contact  and  sympathy  with  those  who  have  preceded  him  and  who 
have  already  been  successfully  grappling  with  engineering  problems  as  they 
present  themselves  in  actual  life. 


UNIVERSITY  BULLETIN. 
The  University  Bullelin  is  issued  by  the  authority  of  the  Trustees  of 
the  Columbia  University.  Its  purpose  is  to  give  a  summary  of  impor- 
tant university  and  faculty  legislation,  to  record  the  scientiHc  and  literary 
work  of  the  officers  of  Columbia  University,  to  furnish  information  with 
regard  to  original  investigations  that  are  in  progress,  to  indicate  the  sub- 
jects that  occupy  the  attention  of  the  advanced  seminaries,  and  to  give 
other  general  information  that  may  be  either  of  immediate  interest  to  in- 
quirers, or  of  permanent  value  as  a  matter  of  record.  The  Bulletin  will 
appear  at  intervals  of  about  two  months  during  the  college  year,  and, 
until  further  notice,  will  be  sent  free  of  charge  to  such  alumni  of  the  Uni- 
versity as  may  signify  their  desire  to  receive  it. 
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EGLESTON  MINUTE  OF  THE  ALUMNI  ASSOCIATION 
OF  THE  SCHOOL  OF  MINES. 

The  Board  of  Managers  of  the  Alumni  Association  of  the 
School  of  Mines  appointed  a  committee,  at  a  recent  meeting,  to 
take  action  commemorative  of  the  retirement  of  Professor  Thomas 
^leston  from  active  service  in  the  chair  of  Metallurgy  and  Miner- 
alogy in  the  University.  That  committee  consisted  of  Messrs. 
Wm.  Allen  Smith,  '68,  W.  B.  Parsons,  '82,  H.  K.  Masters,  '94. 
Their  action,  a  minute  and  appended  resolutions,  has  been  hand- 
somely engrossed,  and  partly  illuminated,  and  has  been  trans- 
mitted to  Professor  Egleston.  Their  action  is  reported  here  for 
record  and  for  general  information. 

The  Alumni  Association  of  the  School  of  Mines  of  Columbia 
College,  in  view  of  the  retirement  from  active  work  of  Professor 
Thomas  Egleston,  E.M.,  Ph.  D,,  LL.D.,  the  senior  professor  in 
the  School  of  Mines  of  Columbia  University,  has  adopted  the  fol- 
lowing minute: 

Profesfor  Egleston  was  the  originator  of  the  School  of  Mines, 
and  its  establishment  in  1864  was  brought  about  by  his  foresight, 
energy  and  courage.  Although  his  plan  was  received  with  quick 
sympathy  by  President  Barnard,  yet  the  College  had  at  that  time 
neither  the  funds  nor  the  special  instructors  needed  for  such  a 
school.  Professor  Egleston,  it  may  fairly  be  said,  furnished  both. 
VOL.  xvin.— 14. 
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He  literally  went  begging  among  his  Trieiids  for  the  needed  funds, 
and  he  began  his  work  with  no  assurance  of  compensation ;  and 
it  was  due  entirely  to  his  exertions  and  persuasion  that  Professors 
Chandler  and  Vinton  were  induced  to  join  with  him  in  the  enter- 
prise of  starting  the  School  of  Mines.  He  was  the  indomitable 
pioneer  who  opened  the  way  and  laid  the.  foundation  for  what  is 
to-day  the  foremost  school  of  applied  science  in  the  country, 
Moreover,  the  establishment  of  the  School  of  Mines  marked  the 
opening  of  the  new  and  broader  life  of  Columbia,  which  has  cul- 
minated in  the  University  with  its  brilliant  prospects. 

The  same  qualities  which  Professor  Egleston  showed  as  a 
pioneer  have  characterized  his  course  as  an  instructor;  energetic, 
prompt  and  faithful,  in  sickness  and  in  health,  he  has  kept  straight 
on  his  course  for  a  third  of  a  century,  during  most  of  that  time 
performing  the  work  usually  done  in  schools  of  equal  proportions 
in  this  country  and  abroad  by  three  men,  filling  the  chairs  of 
Mineralogy,  Iron  Metallurgy  and  General  Metallurgy.  He  intro- 
duced the  requirement  of  metallurgical  "  projects,"  which  have  re- 
sulted in  much  practical  good  to  the  students.  He  has  continued 
as  he  began,  indefatigable  in  laboring  to  impart  complete  scientific 
instruction  in  his  departments  and  in  assisting  the  students  com- 
mitted to  his  charge.     It  is  therefore 

Resolved,  That  the  AInmni  Association  of  the  School  of  Mines, 
hereby  records  its  full  appreciation  of  the  lasting  debt  due  to  Pro- 
fessor Egleston  for  his  long  and  faithful  and  unselfish  devotion  to 
the  cause  of  scientific  instruction. 

Resolved,  That  the  best  wishes  of  the  Alumni  of  the  School  oT 
Mines  accompany  Professor  Egleston,  and  their  congratulations 
are  tendered  to  him  upon  a  grand  work  nobly  achieved. 

Resolved,  That  this  minute  be  entered  in  full  upon  the  records 
of  the  Alumni  Association ;  that  it  be  published  in  the  School  of 
Mines  Quarterly,  and  that  a  copy  be  sent  to  Professor  Egleston. 
Wm.  Allen  Smith,  1868. 
Wm.  Barciay  Parsons,  i  882 
Harris  K.  Masters,  1894. 

Committee  of  the  Alumm. 

February  5th,  1897. 
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35  Washinuton  Square, 

New  York,  March  30th,  1897. 


To  W.  Allen  E.  Smith,  E.  M.     )  ^         .^        i-  .1      ai        •     i 
W,  Bakclav  Parsons,  C.  E.     \  '^T"i""  f  '■"J,^'"'" "' 
Harris  K.  Masters,  E.M.      (     the  School  of  Mma. 


My  Dear  Friends  : 

I  received,  on  Saturday  evening  last,  the  very  handsome 
engraved  minute  of  the  Alumni  Association  of  the  School  of 
Mines.  If  anything  could  temper  the  regret  which  I  feel  at  the 
necessity  of  giving  up  what  has  been  the  great  pleasure  as  well  as 
the  work  of  my  life  it  would  be  such  an  expression  of  feeling 
from  the  graduates  of  the  school  whose  committee  represents  all 
the  years  that  I  have  labored  in  it.  None  know  better  than  they 
how  the  work  has  been  done. 

The  good  of  the  school  and  the  welfare  of  its  graduates  has  so 
long  been  my  first  thought,  and  their  success  my  great  pride,  that 
I  find  it  difficult  to  realize  that  I  no  longer  have  the  power  to 
help  either  student  or  graduate,  which  is  a  source  of  real  sorrow 
to  roe.  The  success  of  the  school  as  a  school  is  owing  to  the 
very  earnest  work  of  the  many  who  have  been  engaged  in  teach- 
ing in  it,  and  the  high  standard  of  the  work  of  its  graduates.  Its 
reputation  outside  of  the  City  of  New  York  depends  entirely  on 
its  graduates.  It  is  the  great  body  of  the  Alumni,  to  whom  we 
can  all  point  with  pride,  %vho  make  known,  both  at  home  and 
abroad,  what  the  standard  of  the  school  is. 

It  has  always  been  a  great  gratification  to  me  to  know  that, 
while  my  duty  was  to  the  students,  that  I  might  some  day  be 
able  to  be  of  service  as  an  alumnus.  I  have  always  felt  that  an 
alumnus  had  a  claim  to  my  best  endeavors  to  help  him,  if  I  could, 
no  matter  in  what  quarter  of  the  globe  he  lived,  or  whether  he 
asked  for  it  or  not.  The  friendly  intercourse  that  I  have  had  with 
the  graduates  is  a  large  part  of  the  brightest  memories  of  my  life. 
Such  a  mark  of  appreciation  of  my  work  as  you  have  sent  to  me 
from  them  is  very  grateful  to  me,  now  that  I  am  laid  aside  from 
active  duty,  and  I  most  heartjly  reciprocate  their  kind  wishes. 
Yours  very  sincerely, 

Thos.  Eglestok. 
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Compound  or  Stage  Cowfression - aaa 

For  miaing  and  other  purposes  compressed  air  forms  a  con- 
venient and  valuable  means  for  the  transmission  of  power.  The 
conveyance  of  steam  to  considerable  distances  involves  great  losses 
from  condensation  in  pipes,  and  in  employing  it  underground  for 
pumping  engines,  hoists,  etc.,  other  difficulties  are  often  encoun- 
tered. Prominent  among  these  difficulties  is  the  disposal  of  the 
exhaust  steam,  which,  if  discharged  into  the  mine  workings,  in- 
creases the  temperature  and  amount  of  moisture  in  the  air,  tending 
to  cause  more  rapid  deterioration  of  the  timbering,  softening  and 
slacking  off  the  walls  of  the  workings,  and  to  render  the  mine 

*  As  this  outline  is  intended  particularly  far  the  use  of  students  in  nuning  enp- 
neering  much  has  been  left  unsaid  as  resards  the  Iheorjr  of  ait  compresnon,  the  im- 
portant uses  of  the  iodicalor  in  studying  tbe  behavior  of  air  during  compression,  and 
various  details  of  construction  and  proportions  of  parts  which  fall  properly  within  the 
province  of  the  mechanical  engineer. 
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atmosphere  uncomfortable  and  unwholesome  for  the  miners.  The 
presence  of  hot  steam  pipes  in  the  narrow  compartments  of  shafts 
is  also  objectionable.  Loss  from  condensation  in  long  lines  of 
steam  pipe  is  unavoidable.  This  loss  may  be  diminished  by  carefully 
covering  the  pipe  with  good  non-conducting  material,  but  even 
with  the  best  covering  the  effective  pressure  at  the  underground 
engine  is  seriously  reduced,  and  very  uneconomical  working  is  the 
result. 

Compressed  air,  on  the  other  hand,  may  be  conveyed  long  dis- 
tances with  a  very  small  loss  of  pressure,  and  is  easily  distributed 
for  application  to  a  variety  of  industrial  purposes  for  which  steam 
would  not  be  practically  available.  In  mining  compressed  air  is 
employed  mainly  for  operating  machine  drills,  also  for  driving 
small  underground  hoists  in  confined  workings,  and  even  for  un- 
derground pumps,  though  thus  far  to  a  limited  extent.  Coal 
cutters,  for  the  mining  of  bituminous  coal,  are  frequently  operated 
by  compressed  air.  The  occasional  use  of  compressed  air  locomo- 
tives in  collieries  and  in  tunneling  operations  on  a  large  scale  fur- 
irisfaes^i  example  of  its  capacity  for  storing  power.  Electricity  is 
often  cited  as  a  rival  or  competitor  of,  compressed  air  in  the  field 
of  mining,  as  both  possess  characteristics  which  make  them  par- 
ticularly convenient  in  connection  with  underground  work.  Two 
things  should  be  borne  in  mind,  however;  first,  that  the  spheres  of 
usefulness  of  these  two  power  transmitters  are  not  identical ; 
second,  that  compressed  air  is  not  merely  a  means  of  transmitting 
power,  but  fulfills  incidently  other  important  functions.  Con- 
spicuous among  these  is  its  great  practical  service  underground  as  a 
ventilating  agent.  The  exhaust  from  machine  drills,  or  other 
machinery,  is  of  positive  benefit  in  adding  large  volumes  of  fresh 
air  to  the  working  places  of  mines,  just  where  ventilation  is  most 
needed.  The  introduction  of  compressed  air — together  with  that 
of  dynamite — has  made  possible  the  rapid  construction  of  long 
railroad  and  mining  tunnels  which,  without  these  aids,  would  have 
been  greatly  delayed  or  even  wholly  impracticable.  Another 
feature  of  compressed  air  is  that  it  is  always  ready  to  do  its  work, 
and  aside  from  l^kage  from  transmission  pipes,  which  should  be 
preventable,  suffers  no  loss  nor  diminution  of  power  when  not  in 
actual  use.  For  performing  work  intermittently,  at  a  distance  from 
its  source,  it  has  no  rival. 

Up  to  the  present  time  no  perfectly  satisfactory  electric  rock 
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drill  has  been  invented.  Air  drillSj  though  they  are  fiff  from  be- 
ing economical,  considered  simply  as  machines,  fulfil  their  purpose 
admirably,  and  in  operating  them  compressed  air  finds  one  of  its 
most  important  applications.  The  high  speed  of  electric  motors, 
as  ordinarily  constructed,  is  objectionable  for  many  kinds  of  ser- 
vice, and  for  driving  pumps  and  hoisting  engines  must  be  reduced 
by  gearing.  Moreover,  the  introduction  of  electric  machinery  into 
collieries  is  attended  with  some  risk  of  exploding  fire-damp,  on 
account  of  sparking  at  the  motor  brushes  and  from  the  rupture  oi 
conductors.  These  dangers  have  not  yet  been  entirely  obviated, 
and  lead  many  colliery  operators  to  hesitate  to  adopt  electric 
transmission  of  power. 

Although  by  virtue  of  its  numerous  successful  applications, 
electricity  has  become  for  many  purposes  a  competitor  of  com- 
pressed air,  the  field  is  broad  and  there  is  room  for  both. 

General  Structure  of  Compressors. 
An  air  compressor  consists  essentially  of  a  cylinder  in  which 
atmospheric  air  is  compressed  by  a  piston,  the  power  for  driving 
which  may  be  derived  from  steam,  or  water,  or  even  electriciQf. 
The  air  cylinder  is  usually  double  acting,  and  as  commonly  con- 
structed is  provided  with  inlet  and  discharge  valves  in  each 
cylinder  head.  Before  considering  the  operation  and  various  ap- 
purtenances of  the  air  cylinder,  it  will  be  well  to  look  into  the 
general  mechanical  structure  of  the  compressor  and  the  methods 
of  applying  the  power. 

ClasstficaHon  of  Steam- Ariven  Compressors. 

A.  "  Straight-line  "  type,  in  which  a  single  horizontal  air  cyl- 
inder is  set-tandem  with  its  steam  cylinder,  and  provided  with  two 
ffy-wheels.  This  pattern  is  almost  invariably  adopted  for  com- 
pressors of  small  size.  Fig.  i  shows  in  plan  and  longitudinal 
section  an  Ingersoll-Ser|;eant  straight-line  compressor. 

B.  Duplex  type,  in  which  there  arc  two  steam  cylinders,  coupled 
at  90°  to  a  crank  shaft  carrying  a  €y-wheel,  and  each  driving  an 
air  cylinder.     Fig.  2  shows  a  Rand  duplex  compressor. 

.  C.  Horizontal,  cross-compound  engines,  each  steam  cylinder  set 
tandem  with  an  air  cylinder  as  in  B. 

D.  Vertical,  simple  or  compound  engines,  with  the  air  cylinders 
set  above  the  steam  cylinders. 
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E.  Compound  or  stage-compressors,  in  which  the  cylinders 
themselves  are  compounded.  The  compression  is  carried  to  a 
certain  point  in  one  cylinder  and  completed  at  the  desired  pres- 
sure in  the  other.  They  may  be  either  of  the  single  or  duplex 
form,  with  simple  or  compound  steam  cylinders.  Fig.  3  gives  a 
longitudinal  section  of  a  recent  type  of  Norwalk  compressor. 

The  first  three  classes  are  those  commonly  employed  for  mine 
service,  but  the  principle  of  compound  air  compression  is  now  rec- 
ognized as  applicable  for  even  the  moderate  pressures  required  in 
mining,  and  the  compressors  of  class  E  are  coming  into  more 
general  use.  The  vertical  type,  class  D,  is,  as  a  rule,  adopted  only 
for  very  large  plants.  It  may  be  sometimes  an  incidental  advan- 
tage of  the  vertical  form  that  it  occupies  less  floor  space,  but  it  is 
rarely  used  for  mines.  The  horizontal  engines  have  a  much 
larger  area  of  base,  and  the  engine  frame  and  foundation  are  less 
expensive.  They  are  more  accessible,  also,  forattendance.'Oiling 
and  repairs.  Compressors  with  compound  steam  cylinders  are  be- 
coming widely  used,  as  they  make  possible  a  greater  degree  of 
economy  in  the  production  of  compressed  air.  In  at  least  one 
make  of  compressors,  compound  steam  cylinders  are  used  even  for 
the  straight-line  pattern.     (Fig.  3.) 

In  the  first  class  mentioned,  which  is  a  very  compact  form 
largely  employed  for  compressors  of  moderate  capacity,  the  air 
and  steam  cylinders  are  just  far  enough  apart  to  allow  the  cross- 
head  to  be  placed  between  them.  From  this  cross-head  a  pair  of 
fly-wheels  are  driven  by  connecting  rods  on  each  side.  The  best 
form  of  cross-head  has  a  swivel  connection  with  the  piston  rod  to 
allow  for  irregularity  in  alignment,  thus  avoiding  undue  friction 
and  unequal  wear.  The  fly-wheels  are  mounted  at  each  side  of 
the  steam  cylinder,  and  are  solidly  supported  by  the  same  frame 
and  bed- plate.  By  using  a  pair  of  fly-wheels  for  these  small  com- 
pressors, not  only  are  the  moving  parts  better  balanced,  but  each 
fly  wheel  may  be  made  smaller  and  hghter  than  if  there  were  but 
one.  In  the  horizontal  duplex  and  compound  compressors  a  sin- 
gle fly-wheel  is  placed  between  the  cylinders  at  one  end  of  the 
frame,  and  is  connected  through  cranks  with  the  steam  cylinder 
piston  rods.     This  is  the  form  in  general  use  for  large  plants. 

Another  form  of  compressor,  not  often  employed,  has  one  air 
and  one  steam  cylinder,  connected  by  cranks  on  the  fly-wheel 
shaft.     It  possesses  the  advantage  that  the  full  power  of  the  steam 
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cylinder  is  exerted  at  the  end  of  the  stroke  of  the  air  cylinder — 
just  where  it  is  most  needed — but  the  engine  is  not  so  well  bal- 
anced, occupies  about  three  times  the  space  of  a  straight-Iitie 
compressor  of  the  same  capacity,  and  requires  a  much  more  ex- 
pensive foundation. 

In  the  tandem  duplex  compressor  (Fig.  2)  it  is  best  to  place  the 
steam  and  air  cylinders  of  each  pair  far  enough  apart  to  prevent 
the  same  portion  of  the  piston  rod  from  passing  into  both  stuffing 
boxes.  The  reasons  for  this  are:  (i)  the  piston  rod  is  apt  to 
wear  differently  in  the  two- stuffing  boxes,  so  that  it  becomes  difli- 
'  cult  to  keep  them  well  packed  and  tight  if  the  rod  passes  alter- 
nately from  one  into  the  other;  (2)  in  this  construction  the  steam 
and  air  piston  rods  may  be  in  separate  pieces,  coupled  together 
between  the  cylinders.  This  is  a  matter  of  convenience  in  mak- 
ing repairs.  Whenever  the  tandem  form  is  used  it  is  essential 
that  the  steam  and  air  cylinders  shall  be  accurately  and  rigidly  held 
in  alignment.  They  are,  therefore,  connected  by  tie-rods,  and  are 
often  set  on  the  same  bed  plate.  In  the  case  of  straight  line  com- 
pressors of  class  A,  the  cylinders  are  bolted  to  a  heavy  girder 
frame  preventing  any  possibility  of  movement. 

Occasionally  the  compressor  is  driven  by  an  engine  which  fur- 
nishes power  also  for  other  purposes.  This  is  done  by  gearing  or 
belting,  or  by  a  crank  on  a  separate  shaft.  It  is  generally  desir- 
able, however,  that  the  compressor  be  self-contained  and  inde- 
pendent of  other  machinery. 

Mithodof  Operation  of  Steam-driven  Compressors.  In  compress- 
ing air  steam  operates  under  peculiar  conditions,  and  usually  works 
at  a  disadvantage.  An  inspection  of  the  combined  air  and  steam 
diagram  (Fig.  4)  will  make  the  matter  plain.     At  the  beginning  of 
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the  stroke  the  air  in  front  of  the  piston  is  at  atmospheric  pressure. 
As  the  piston  advances  the  air  pressure  at  first  increases  slowly, 
while  towards  the  end  of  the  stroke  it  rises  very  rapidly.  In  other 
words,  the  resistance  inthe  air  cylinder  varies  from  zero  at  the  be- 
ginning of  the  stroke  to  its  maximum  near  the  end.  The  power 
developed  in  the  steam  cylinder,  on  the  contrary,  when  working 
with  a  cut-ofF,  is  in  exactly  the  reverse  order.  The  initial  steam 
pressure  is  often  even  lower  than  the  final  air  pressure,  as  shown  by 
the  diagram.  With  a  steam  pressure  of  60  tbs.,  for  example,  air  may 
be  easily  compressed  to  80  tbs.,  or  more.  For  compressors, 
therefore,  heavy  fly-wheels  are  required  to  carry  the  engine 
over  its  center,  storing  up  the  surplus  steam  power  in  the 
first  part  of  the  stroke,  and  giving  it  out  at  the  end.  It 
follows  that  there  is  a  marked  want  of  smoothness  in  the 
running  of  compressors,  which  causes  severe  strains  in  the  moving 
parts.  This  is  specially  noticeable  in  the  simple  straight-line  type, 
which,  when  the  air  in  the  receiver  is  up  to  gauge  pressure,  will 
often  be  brought  almost  to  a  standstill  and  barely  turn  over  the 
center.  It  would  appear,  then,  that  only  a  small  ratio  of  expan- 
sion in  the  steam  cylinder  could  be  employed,  and  in  fact  some  of 
the  older  forms  of  straight-line  compressors  took  steam  throughout 
a  large  part  of  the  stroke.  But  this  difficulty  is  met  in  great  meas- 
ure by  the  inertia  of  the  fly-wheels  and  other  moving  parts.  The 
dimensions  of  the  steam  and  air  cylinders  are  proportioned  for  a 
fixed  ratio  of  expansion  within  certain  limits,  and  in  addition  the 
steam  cylinders  of  many  of  the  straight-line  compressors  arc  pro- 
vided with  an  adjustable  cut-off  valve  (Fig.  i).  This  valve  amoves 
on  the  top  of  the  main  valveand  controls  ports  in  the  latter  through 
which  steam  is  admitted  to  the  cylinder  ports.  It  is  operated  by 
a  separate  excentric,  and  by  a  hand  wheel  b  outside  of  the  end  of 
the  valve  chest  may  be  easily  regulated  according  to  the  pressure, 
which  varies  with  the  rate  of  consumption  of  air. 

A  number  of  arrangements  have  been  devised  to  equalize  the 
power  and  resistance,  by  varying  with  respect  to  one  another  die 
positions  of  the  air  and  steam  cylinders  and  their  cranks.  For  ex- 
ample, in  the  earlier  form  of  Ingersoll,  Burleigh  and  De  la  Vergne 
compressors,  the  cylinders,  instead  of  being  parallel  to  each  other, 
were  placed  at  90°,  with  the  cranks  at  30°.  IntheoldRand  and 
Waring,  of  1876,  the  cylinders  were  set  at  45",  the  steam  cylinder 
being  of  the  oscillating  type.    The  object  of  these  devices  was  so 
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to  time  the  movements  of  the  air  and  steam  pistons  that  the  power 
developed  in  the  steam  cylinder  should  be  at  its  maximum  when 
the  air  piston  was  just  completing  its  stroke.  But  such  construc- 
tions are  difficult  to  make  sufficiently  strong  and  rigid.  They  re- 
quire heavy  and  expensive  engine  frames  and  foundations,  and  the 
result^have  not -been  satis&ctory. 

Duplex  Compressor.  Equalization  in  the  work  of  the  two  cylin- 
ders is  attained  approximately  by  the  duplex  compressor.  In  this 
type  a  considerable  ratio  of  cut-off  is  used,  and  the  fly  wheel 
needs  not  be  relatively  so  heavy  as  for  the  straight-line.  Never- 
theless, even  here  it  is  customary  to  use  excessively  large  fly  wheels. 
This  form  is  widely  employed  for  large  plants.  Besidesattaining 
a  greater  degree  of  equalization  there  are  other  advantages :  (i), 
the  duplex  compressor  can  be  run  at  a  very  low  speed  without 
getting  on  a  center ;  (2),  as  each  half  is  complete  in  itself  one  side 
may  be  disconnected  for  repairs,  or  when  a  smaller  capacity  is  de- 
sired. The  objections  to  this  form  are:  (l),  the  strains  on  cranks 
and  crank  shafts  are  greater  than  in  regular  steam  engines  work, 
ing  under  a  uniform  load,  and  therefore  require  lai^c  bearings  and 
a  heavy  foundation ;  (2),  the  loss  from  friction  alone  is  seldom  leas 
than  12  to  15  per  cent.,  while  in  the  straight-line  compressor  it 
may  be  but  little  more  than  5  per  cent.* 

Sise  of  Atr  Cylinders.  It  is  customary  to  build  compressors  with 
a  short  stroke.  With  a  long  stroke,  and  relatively  small  diameter  of 
cylinder,  the  piston  would  travel  some  distance  under  a  constantly 
increasing  resistance;  then  after  the  discharge  valves  open,  it 
would  advance  a  considerable  distance  farther  under  a  uniform  re- 
sistance, while  adding  nothing  to  the  amount  of  useful  work.  In 
ordinary  single-stage  compressors  the  usual  ratio  of  length  of 
stroke  to  diameter  of  steam  cylinders  is  i-^  to  i,or  I  J^  to  l,  being 
thus  somewhat  less  than  for  plain  steam  engines.  The  diameter 
of  air  cylinder  is  slightly  greater  than  that  of  steam  cylinder.  In 
some  makes  of  compressor,  however,  such  as  the  Rand,  the  ratio 
of  length  to  diameter  is  considerably  greater  than  the  above,  vary- 
ing from  I J^  to  1%  to  I,  as  in  several  large  plants  built  for  the 
Calumet  and  Hecla  Mining  Co.  Under  similar  conditions  the  air 
can  be  cooled  more  effectually  in  a  small  than  a  large  water-jack- 
eted cylinder,  and  in  this  respect  several  small  compressors  would 
produce  better  results  than  a  single  large  one.     Also,  in  mine  work, 

*  W.  L,  Saimden,  Compressed  Air  Prodnction,  p.  i  J. 
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where  the  demand  upoh  the  air  supply  is  variable,  there  might  be 
some  advantage  in  a  compressor  plant  composed  of  several  units. 

Valve  Motion  for  Steam  Cylindtn.  This  is  not  a  vital  matter. 
Compressors  of  the  straight-line  pattern,  and  in  general  all  those 
of  moderate  size,  are  provided  with  slide  valves.  Duplex  com- 
pressors have  an  easily  adjusted  cut- oiT  valve,  and  in  the  straight- 
line,  as  stated  above,  a  specif  cut-ofTis  introduced,  capable  of  bping 
adjusted  by  hand  while  the  compressor  is  in  operation.  Some 
makers  employ  Corliss  valve-gear  for  large  compressors  of  the 
duplex  or  compound  type.  The  first  cost  of  this  gear  is  greater, 
but  its  advantages  in  point  of  economy  are  well-known.  Cornish 
or  poppet  valves  are  used  for  some  of  the  European  compressors. 

Compressors  Driven  by  Water  Pviver,  Water  power  may  be  ap- 
plied in  a  variety  of  ways,  but  if  possible  it  should  be  done  with- 
out the  use  of  gearing.  The  cranks  of  the  air  cylinders  may  be 
connected  directly  with  the  shaft  of  an  ordinary  overshot  wheel, 
the  weight  of  which  would  supply  the  place  of  a  fly  wheel.  Such 
an  arrangement  would  rarely  be  necessary,  or  advisable.  With  a 
low  head  of  water  a  turbine  on  a  horizontal  shaft  could  be  used  to 
drive  a  compressor,  or  a  horizontal  turbine  through  gearing  and 
belting.  With  a  sufficient  head,  however,  a  simple  bucket  impact 
wheel,  like  the  Pelton  or  Knight,  is  much  to  be  preferred,  and  is  fre- 
quently used.  It  is  arranged  as  shown  by  Fig.  5,  the  water  wheel 
being  mounted  upon  tne  crank-shaft;  or  if  the  speed  be  too  high 
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it  may  be  geared  down.  In  most  cases  the  wheel  may  be  large 
enough  to  render  gearing  unnecessary.  As  the  power  developed 
by  a  water  wheel  is  constant,  a  water  driven  compressor  works  more 
smoothly  than  one  operated  by  steam,  and  is  specially  satisfactory 
if  of  the  duplex  pattern.  These  impact  wheels  may  be  employed 
with  quite  small  heads  of  water  by  introducing  multiple  nozzles. 

Compressors  Driven  by  EUchic  Power,  It  is  probable  that  in  the 
future  electric  motors  will  be  occasionally  employed  for  operating 
air  compressors  ;  that  is,  when  electric  plants  are  installed  for  gen- 
eral power  purposes.  An  electric  plant  would  hardly  be  erected 
for  the  sole  purpose  of  running  a  compressor.  For  obtaining  a 
proper  air-piston  speed  the  armature  would  be  geared  to  the  crank 
shaft.  If  necessary  an  electric-driven  compressor  could  be  erected 
uodei^round  near  the  point  of  application  of  the  power.  Most 
builders  have  already  inserted  in  their  catalogues  illustrations  and 
specifications  of  compressors  driven  by  electric  motors. 

The  Compression  of  Air. 

While  there  is  no  question  as  to  the  convenience  of  compressed 
air  as  a  means  of  transmitting  power,  and  though  it  is  in  such 
general  use  for  mining  and  other  purposes,  yet  in  the  actual  work 
of  compressing  the  air  there  are  considerable  losses  which  to  a 
large  extent  appear  to  be  unavoidable.  Even  in  the  best  compres- 
sors the  useful  effect  or  efficiency,  that  is,  the  ratio  of  the  force 
stored  up  in  the  compressed  air  to  the  work  which  has  been  ex- 
pended in  compressing  it,  probably  never  reaches  80  per  cent,  and 
often  falls  below  60  per  cent.*  To  understand  the  causes  of  these 
losses  it  will  be  necessary  to  consider  the  principles  involved  in  the 
operation  of  compressing  air.  A  brief  statement  only  of  these 
principles  will  be  made  here. 

The  relations  existing  between  the  volume,  pressure  and  tern- 
perature  of  air  during  its  compression  or  expansion  are  expressed 
by  two  laws : 

I.  At  a  constant  temperature  the  volumes  occupied  by  a  given 
quantity  of  air  {or  any  perfect  gas)  are  inversely  proportional  to 
the  pressures.  This  law  is  expressed  by  the  equation:  /\  ^  = 
Pt  V^=  P^  Fg,  etc.,  which  is  a  constant  quantity.  It  is  given  in 
terms  of  absolute  pressure,  that  is,  above  vacuum.  (Pressure 
gauges  register  pressures  above  that  of  the  atmosphere,  or  14.7 

"  Frank  Riduud*.    Comprened  Air,  1S96,  p.  97. 
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lbs.  per  square  inch.)  Under  this  law,  then,  when  a  quantity  of 
atmospheric  air  is  compressed  to  0.147  o*^  'ts  original  volume,^ 
pressure  of  100  lbs.  per  square  inch  is  obtained;  when  compressed 
to  0.074  of  its  original  volume  the  pressure  becomes  200  lbs.,  and 
so  on. 

3.  During  the  compression  of  air  heat  is  generated,  and  when  it 
is  allowed  to  expand  again  to  its  original  volume  this  heat  is  given 
up.  The  relation  between  volume  and  temperature  is  expressed 
by  the  equation :  /'K^ /^^^(i +«/),  in  which /" and  [^represent 
the  pressure  and  volume  of  a  given  weight  of  air  (or  gas)  at  t^C. 
above  the  freezing  point,  P^  and  V^  are  the  pressure  and  volume 
of  the  same  quantity  of  air  at  the  freezing  point,  and  a  is  the  co- 
cfBcient  of  expansion  of  air,  which  is  practically  constant  and  is 
very  nearly  yfy_  Hence,  for  a  rise  in  temperature  of  i^C,  the  vol- 
ume of  the  air  increases  by  -yl^  of  the  volume  occupied  at  o°C., 
under  the  same  pressure,  or  ^y  per  degree  Fah.  The  develop- 
ment of  heat  reacts  upon  the  air  under  compression,  and  increases 
the  pressure  which  would  be  due  merely  to  the  reduction  in  vol- 
ume. By  cooling  the  compressed  air  to  its  original  temperature 
the  pressure  would  be  reduced  to  the  normal  amount,  according 
to  the  first  law.  It  is  evident  that  this  property  of  air  has  an  im- 
portant application  in  the  production  and  use  of  compressed  air. 
The  heat  generated  during  compression  and  corresponding  to  dif- 
ferent pressures  is  shown  by  the  following  table : 
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It  follows  from  the  results  obtained  above  that  if  the  tempera- 
ture of  the  air  be  allowed  to  rise  during  compression  a  loss  of 
work  ensues. 

Methods  of  Compression.  Theoretically,  air  may  be  compressed 
in  two  ways : 

1.  The  temperature  may  be  kept  constant  during  compression, 
the  heat  generated  being  abstracted  by  cooling  devices  as  fast  as  it 
is  developed.  In  this  case  the  pressure  of  the  air  varies  according 
to  the  first  law,  and  compression  takes  place  isothermally. 

2.  The  temperature  may  be  allowed  to  rise  without  check  dur- 
ing the  period  of  compression ;  that  is,  there  is  no  transference  of 
heat.  Here  the  operation  is  in  accordance  with  the  second  law. 
The  rise  in  temperature  increases  the  pressure  which  would  be  due 
to  reduction  of  volume  only.     This  is  called  adiabatic  compression. 

The  relations  between  the  two  conditions  of  compression  is 
shown  by  Fig.  4.  By  laying  off  to  scale  the  volumes  of  air  on  the 
horizontal  line  the  corresponding  pressures  at  different  points  of 
the  stroke  are  measured  on  the  verticals.  The  adiabatic  curve 
rises  more  rapidly  than  the  isothermal,  according  to  the  law.  Per- 
fect isothermal  compression  cannot  be  attained  in  practice.  Even 
with  the  best  cooling  arrangements  the  compressor  would  have  to 
run  at  an  extremely  slow  speed,  and  be  of  very  large  size  to  ap- 
proach closely  the  condition  of  isothermal  compression.  On  the 
other  hand,  if  the  air  compressed  adiabatically  could  be  kept  hot 
until  used  loss  of  work  would  be  prevented.  But  neither  can  this 
be  done.  The  air  is  almost  always  conveyed  to  considerable  dis- 
tances before  it  is  used,  and  the  loss  of  heat  by  radiation  from  the 
pipes  soon  reduces  the  pressure  to  that  corresponding  with  the 
temperature  of  the  surrounding  atmosphere.  In  practice,  there- 
fore, neither  method  of  compression  is  possible.  As  a  matter  of 
fact,  a  combination  or  modification  of  the  two  is  employed,  the 
net  result  depending  upon  the  degree  of  perfection  of  the  com- 
pressing engine.  As  shown  on  the  dii^ram,  the  actual  line  of 
compression  must  lie  somewhere  between  the  adiabatic  and 
isothermal  lines.  When  compressing  in  a  single  cylinder  to  60  or 
80  lbs.  pressure,  and  at  a  piston  speed  not  exceeding  300  feet  per 
minute,  it  is  probable  that  about  one-half  of  the  total  passible  cool- 
ing is  all  that  maybe  expected.*  The  aim  is  to  begin  compressionat 
a  low  initial  temperature  and  to  bring  the  compression  line  as  dose 
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as  possible  to  the  isothermal  line.  It  is  evident  that  there  is  but  a 
narrow  margin  in  which  to  effect  further  saving.  The  air  should 
be  cooled  as  thoroughly  as  may  be  during  compression  and  before 
it  leaves  the  cylinder.  Any  subsequent  cooling  must  entail  addi- 
tional loss.  Some  distance  must  be  traversed  by  the  piston,  in 
compressing  the  ajr,  before  there  is  any  considerable  rise  in  tem- 
perature, and  until  the  temperature  does  rise  no  cooling  can  be 
effected.  In  other  words,  the  abstraction  of  heat  does  not  begin 
at  the  beginning  of  the  stroke.  The  temperatures  of  the  air  taken 
into  the  cylinder  and  of  the  water  used  for  cooling  are  likely  to  be 
nearly  the  same,  so  that  all  the  possible  reduction  of  temperature 
in  the  cylinder  must  take  place  in  a  period  of  time  less  than  that 
occupied  in  making  the  stroke.  In  fact,  most  of  the  cooling 
is  done  necessarily  in  the  tatter  half  of  the  stroke.  It  should 
be  noted  also  that  soon  after  the  compressor  begins  running 
the  cylinder  itself  becomes  quite  hot  and  heats  the  air  during 
intake. 

There  are  two  methods  of  absorbing  the  heat  produced  by  com- 
pression : 

I,  By  injecting  cold  water  into  the  air  cylinder. 

3.  By  cooling  the  cylinder  from  without,  enveloping  it  in  a 
cold-water  jacket. 

Machines  of  the  first  class  are  known  as  "wet  compressors ;" 
those  of  tile  second,  "  dry  compressors." 

The  formula  previously  cited  may  be  put  into  the  form  :  /T^= 
P^V^^  constant.  The  average  value  of  Ac  coefficient  n  has  been 
found  for  the  different  systems  of  compression.  In  the  case  of 
purely  adiabatic  compression,  with  no  cooling  arrangements, 
«  =3  1408 ;  in  dry  compressors,  provided  with  a  water  jacket,  n  is 
roughly  1.3,  while  in  wet  compressors  (spray  injection)  «  becomes 
1.2.  In  the  poorest  forms  of  compressor  the  value,  h=  14,  is 
closely  approached.*  The  following  diagrams,  Figs.  6,  7  and  8, 
show  the  relative  positions  of  the  several  compression  lines,  the 
areas  between  the  compression  and  isothermal  lines  being  shaded 
in  each  case.  (It  should  be  stated  here  that  these  diagrams,  with 
others  used  in  this  article,  are  not  actual  indicator  diagrams.  They 
are  intended  only  approximately  to  represent  the  relations  be- 
tween the  various  lines.) 

f  hjC  Goodmao.  Fed.  Imt  Hfn.  Engs.,  Vol.  Vtl.,  p.  3*4. 


.,C(iog[e 


NOTES  ON  AIR  COMPRESSORS.  211 


Wer  CouFRESsoRS. 
Wet  compressors  are  of  two  kinds : 

1.  Those  in  which  water  is  introduced  in  bulk  into  the  air  cylin- 
<ler  and  is  injected,  also,  in  the  form  of  spray. 

2.  Those  in  which  water  is  injected  in  the  form  of  fine  spray  or 
jets  only. 

Compressors  ef  the  first  type  have  been  much  used  in  Europe,  but 
are  now  nearly  superseded  by  later  designs.  One  of  the  earlier 
fonns,  the  Humboldt,  will  serve  as  as  an  example  (Fig.  9).  The 
'wter  constitutes  a  piston  for  compreying  the  air,  an  ordinary 
pluDger,  like  that  of  a  pump,  moving  in  a  horizontal  Cylinder 
oiled  with  water.  At  each  end  of  the  cylinder,  and  connected  with 
it  by  an  easy  curve,  is  a  vertical  air  chamber.    The  upper  ends  of 
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Fig.  9. 

these  chambers  are  provided  with  the  necessary  air  inlet  and  dis. 
charge  valves.  As  the  piston  moves  the  air  is  alternately  drawn 
into  one  air  chamber,  and  compressed  io  the  other,  by  the  rise  and 
fall  of  the  water  level.  At  the  end  of  each  stroke  the  air  com- 
pressed by  the  rising  column  of  water  passes  through  the  dischai^e 
valve  into  the  receiver.  As  the  air  comes  into  contact  with  the 
mass  of  water  a  partial  cooling  is  effected,  and  to  prevent  the  water 
itself  from  becoming  heated  a  constant  circulation  must  be  main- 
tained. A  further  cooling  is  brought  about  by  the  injection  of 
sprays  into  the  cylinder  and  vertical  air  chambers.  This  type  of  com- 
pressor is  simple,  and  if  the  sprays  be  copious  the  air  is  quite  eflcc- 
tually  cooled,  but  it  is  generally  limited  to  rather  slow  speeds 
(only  100  to  150  feet  piston  speed  per  minute,  or  less,  for  some 
forms),  on  account  of  the  inertia  of  the  body  of  water.*  This  is 
about  y  to  ^  of  the  piston  speed  of  modern  compressors,  and  it 
follows  that  such  engines  are  lar^e  and  bulky  fora  given  output  of 
air.  It  is  claimed,  however,  that  a  more  recent  form  of  Humboldt 
wet  compressor,  made  at  Kalk,  near  Cologne,  Germany,  can  be  run 
successfully  at  speeds  of  from  300  to  360  feet  per  minute,  thetem- 
perature  of  the  air  at  discharge  being  kept  at  jy'^  to  80"  Fah. 
(Fig.  lo).t  This  is  certainly  good  work.  The  machines  are  made 
of  large  size,  and  the  vertical  air  chambers  join  the  cylinder  with  a 
curve  of  long  radius  to  ease  the  movements  of  the  mass  of  water. 
A  serious  difficulty  with  wet  compressors  of  this  class  is  that  the 
water  tends  soon  to  become  hot,  and  an  efficient  circulation  of  cold 
water  is  not  easy  to  maintain.  Only  a  small  amount  of  fresh 
water  can  be  injected  at  each  stroke,  and  if  no  sprays  be  used  the 
cooling  is  exceedingly  imperfect. 

•  CtUiaj  E»ginttT,  Aug.,  1S94,  p.  6. 

fP.  R.  BjftrlinK,  Colliery  Guardiim,  Oct  1,  1896,  [9.  ia^yi. 
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Compressors  of  tlu  second  class,  iir  wliicii  -water^ls  used  only  in 
the  form  of  jets  or  spray,  constitute  an  improvement  upon  the 
older  design,  in  being  much  less  cumbrous  and  permitting  a 
higher  working  speed.  Though  still  frequently  used  they  have 
given  way  in  great  measure  to  dry  compressors,  at  least  in  Ameri- 
can practice.  The  air  cylinder  does  not  diRer  materially  in  gen- 
eral structure  from  that  of  the  dry  compressor.  A  small  water 
pipe  is  tapped  into  each  cylinder  head,  and  fine  spray  is  injected 
into  the  air  in  front  of  the  piston  while  compression  is  taking 
place.  A  dry  compressor  may  be  converted  into  a  wet  compres- 
sor merely  by  providing  the  cylinder  with  these  water  jets.  The 
injected  water  collects  in  the  cylinder  until  enough  is  present  to 
fill  the  clearance  space  at  the  end  of  the  stroke.  Then  any  addi- 
tional amount  of  water  is  forced  out  at  each  stroke  with  the  com- 
pressed air  through  the  discharge  valves  into  the  air  receiver. 
From  the  receiver  it  is  drained  away  at  the  bottom  from  time  to 
time.  The  water  used  for  injection  should  be  as  pure  and  cold  as 
possible.  Gritty  water  must  never  be  employed,  as  it  would  injure 
the  cylinder,  piston  and  valves. 

A  proper  injection  apparatus  should  fulfil  three  conditions :  * 

•W,  L  Standcn,  Eng.  and  Mhiittg  your.,  Oct.  30,  1888,  p.  31a  See  alto  Cel- 
tUry  Guardiam,  Aug.  a&,  1S96,  p.  396. 
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1.  The  injection  must  commence  at  the  beginnii^  of  the  stroke 
and  continue  to  the  end,  against  the  advancing  piston. 

2.  There  should  be  a  thorough  diffusion  of  the  water  in  the 
fonn  of  spray  throughout  the  cylinder.  By  mere  surface  contact 
water  takes  up  but  litde  heat  Even  a  single  strong  jet  is  quite  ef- 
fectual,  however,  because  on  striking  the  piston  it  is  thoroughly 
broken  into  spray. 

3.  A  definite  volume  of  water  must  be  injected,  the  volume  iO' 
creasing  with  the  pressure  under  which  the  compressor  is  working, 
that  is,  with  the  quantity  of  heat  generated. 

If  the  quantity  of  water  used  be  insufliicient  to  abstract  the  heat 
a  large  amount  of  moisture  will  be  taken  up  by  the  warm  air  and 
carried  into  the  receiver  and  piping.  The  heat  units  developed 
by  compression  having  been  calculated,  the  quantities  of  water 
required  for  different  pressures  are  shown  in  the  following  table. 

The  average  temperature  of  injection  water  may  be  taken  as 
say  68°  Fah.,  and  is  consitiSred  as  having  accomplidied  its  work 
if  it  leaves  the  cylinder  at  104°  Fah.,  these  temperatures  corre- 
sponding respectively  to  20°  and  40°  C* 

Table  II. 
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Dry  Compressors. 
In  the  dry  system  of  compression  no  water  enters  the  air  cylin- 
der except  that  which  is  carried  as  moisture  in  the  air  itself.    All 

*  The  table  ii  aiodiSed  &<kii  that  given  by  Zahaer,  •'  TraaimiMioit  of  Powei  hy 
Compreued  Mr,"  p.  1 10,  English  units  bdng  nbatitnted  for  Ftcndi. 
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the  cooling  during  compression  is  effected  by  a  water  envelope,  or 
"jacket,"  surrouDding  the  cylinder,  and  in  which  cold  water  is 
kept  coostantly  circulating. 

Fig.  1 1  shows  the  longitudinal  section  of  one  of  the  latest  forms 
of  jacketed  air  cylinder — the  IngersoU-ScrgcanL  The  complete 
compressor  is  shown  in  plan  and  section  in  Fig.  i.     The  cylinder 


is  enclosed  in  an  outer  shell,  leaving  an  annular  space,  J,  to  be 
occupied  by  the  water.  Besides  the  annular  jacket  nearly  one- 
half  the  area  of  each  end  of  the  cylinder  is  also  covered  by  a  water 
jacket.  The  remainder  of  the  end  areas  is  occupied  by  valves,  as 
shown.  The  circulation  of  water  is  effected  by  pipes  connecting 
with  the  openings  A  and  B,  for  inlet  and  discharge.  To  cause  a 
proper  circulation  the  space  inclosed  by  the  jacket  is  divided  into 
two  parts.  The  cold  water  enters  at  A,  and  after  circulating 
through  the  annular  space  JJ,  around  the  forward  end  of  the  cyl- 
inder, passes  through  an  opening  in  the  bottom  of  the  jacket  to  the 
rear  end,  from  which  the  warm  water  is  finally  discharged  at  B. 
The  smaller  jackets  on  the  cylinder  heads  are  also  connected 
with  the  system  of  circulation.  C  is  a  drain  through  which  the 
jacket  is-blown  out  occasioaally  to, clear  it  of  sediment.  In  the 
Clayton  compressor  tlie  jacket  is  divided  by  partitions  so  that  the 
cold  water  entering  at  the  top  passes  first  around  about  one- 
quarter  of  the  length  of  the  cylinder  nearest  each  end.  The  water 
then  circulates  around  the  middle  portion  of  the  cylinder  and  dis- 
charges at  the  top.     In  this  arrangement  the  fact  is  recognized 
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that  at  the  end  of  the  stroke,  where  the  air  pressure  is  highest,  the 
greatest  amount  of  heat  is  generated.  '  A  tank  at  some  elevation 
above  the  compressor  is  usually  provided  for  furnishing  the  circu- 
lation water,  or  a  small  pump  may  be  employed. 

Naturally,  a  partial  cooling  only  can  be  effected  by  jacketing  the 
air  cylinder.  Heat  is  generated  faster  than  it  can  be  abstracted, 
and  only  a  portion  of  the  volume  of  air  passing  through  the  cylin- 
der comes  into  direct  contact  with  the  cooling  surfaces.  It  is  im- 
portant, therefore,  that  as  much  as  possible  of  the  total  cylinder 
surTace  be  covered  by  the  jacket,  and  that  the  piston  speed  be 
moderate.  But,  as  the  air  is  comparatively  free  from  moisture, 
some  heating  is  not  so  objectionable  as  it  would  be  in  a  wet  com- 
pressor. As  a  matter  of  fact,  the  cylinder,  dischaige  pipe  and 
even  the  receiver,  are  usually  quite  hot  when  the  compressor  is  run- 
ning at  full  speed.  In  some  compressors  the  inner  shell  of  the  air 
cylinder  is  made  of  hard  brass,  which  by  its  high  conductivity  as- 
sists in  carrying  ofl'  heat.  With  the  same  end  in  view  the  cylinder 
shell  should  be  as  thin  as  is  consistent  with  safety.  To  furnish  a 
larger  cooling  surface  one  style  of  Rand  compressor  has  a  hollow 
back  piston  rod  and  a  hollow  piston,  through  which  water  is 
circulated.  This  back  piston  rod  works  tclescopically  in  a  sta- 
tionary tube  connected  with  the  water  supply. 

Piston  Clearance  in  tlu  Air  Cylinder.  In  every  engine,  whether 
steam  engine  or  compressor,  the  amount  of  clearance  at  the  end  of 
the  stroke,  between  the  piston  and  cylinder  head,  is  a  matter  of  some 
importance.  It  has  a  special  bearing  in  the  case  of  a  compressor 
for  the  following  reason.  At  the  end  of  the  stroke  the  compressed 
air  in  front  of  the  piston  begins  to  pass  through  the  discharge  valve 
when  its  tension  reaches  that  of  the  air  in  the  pipe  leading  to  the 
receiver.  But  the  warm  compressed  air  filling  this  space  can 
be  never  wholly  discharged  from  the  cylinder  of  a  dry  compressor- 
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On  the  back  stroke  It  expands  again  and  partly  fills  the  cylinder 
bchiiid  the  piston.  No  air  can  enter  through  the  inlet  valves 
until  the  pressure  inside  the  cylinder  falls  below  atmospheric  pres- 
sure. It  is  never  possible,  therefore,  to  take  a  full  cylinder  of 
fresh  air  even  under  the  best  conditions,  and  the  clearance  space 
must  be  made  as  small  as  possible.  The  diagram.  Fig.  12,  shows 
the  effect  of  clearance.  Although  it  causes  a  loss  in  the  capacity 
of  the  compressor  it  does  not  involve  an  actual  loss  of  power. 
Fig.  13  indicates  the  method  of  reducing  the  clearance  for  ordi- 
nary pistons,  by  casting  a  recess  in  the  cylinder  head  to  receive 
the  projecting  piston  nut  at  the  end  of  the  stroke.  The  loss  of 
volumetric  efficiency  due  to  clearances  of  course  increases  with 
the  air  pressure,  and  in  some  compressors  the  piston  is  run  exceed- 
ingly close  to  the  cylinder  head.  When  this  is  the  case  the  com- 
pressor must  have  careful  attention,  so  that  when  the  connecting 
rod  is  shortened  by  tightening  up  the  brasses,  as  they  wear,  the 
piston  will  not  be  in  danger  of  striking  the  cylinder  head. 


Fig.  13. 


Fig.  14- 


The  Johnson  compressor,  made  in  England,  has  an  ingeniously 
contrived  piston  to  meet  the  difficulty  just  mentioned,  (Fig.  14). 
It  is  composed  of  two  discs,  c  and  d,  mounted  upon  a  bronze  sleeve 
screwed  on  the  piston  rod.  A,  and  held  in  place  by  collar  and  lock- 
nut.  The  two  discs  forming  the  piston  are  so  cast  as  to  leave  be- 
tween them  a  recess  in  which  is  placed  a  heavy  helical  spring,/. 
This  spring  is  compressed  sufficiently  between  the  piston  discs  to 
prevent  it  from  being  further  compressed  under   the  maximum 
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working  air  pressure,  but  the  clearance  at  the  ends  of  the  stroke 
is  extremely  small,  and  should  the  piston  strike  the  cylinder  head 
the  spring  gives  slightly  and  an  injurious  shock  is  avoided.* 

A  number  of  other  devices  have  been  adopted  for  overcoming 
the  disadvantages  of  piston  clearance.  Two  examples  may  be 
given: 

1.  Longitudinal  bye-pass  grooves  (^^),  are  cast  in  the  inner 
surface  of  the  cylinder  near  the  ends.  Fig.  13,  so  that  when  (be 
piston  reaches  the  end  of  its  stroke  a  part  of  these  grooves  is  un- 
covered, and  the  compressed  air  in  the  clearance  space  passes  to 
the  other  side  of  the  piston. 

2.  In  slide-valve  compressors  the  valve  may  be  provided  with  a 
so-called  "  trick.passage."  At  the  end  of  the  stroke  this  passage 
is  brought  into  connection  with  two  small  ports  entering  the  ex- 
treme ends  of  the  cylinder.  Through  these  passages  the  higb- 
pressure  air  in  the  clearance  space  is  released  into  the  other  end 
oCibe  cylinder. 

By  such  methods  the  released  air  becomes  of  direct  benefit  in- 
stead of  being  a  disadvantage.  But  there  is  a  decided  objection 
to  the  employment  of  such  devices  if  all  the  confined  air  be  allowed 
to  pass  over,  because  the  heavy  pressure  on  the  piston  at  the  end 
of  the  stroke  is  suddenly  removed,  and  there  is  a  shock  to  the  mov- 
ing parts.  In  the  most  recent  forms  of  compressor  made  in  the 
United  States  the  clearance  space  is  very  small,  but  the  air  con- 
fined in  it  is  not  released.  It  furnishes  some  compensation  in 
helping  to  overcome  the  inertia  of  the  moving  parts  at  the  begin- 
ning of  the  return  stroke. 

Dry  versus  Wet  Compressors. 
Up  to  about  1885  there  seemed  to  be  little  doubt  among  me- 
chanical engineers  that  the  wet  compressors  were  upon  the  whole 
superior  to  the  dry,  because  by  bringing  the  air  into  direct  contact 
with  water  the  heat  is  most  effectually  absorbed.  This  view  is 
correct  so  far  as  heat  loss  alone  is  concerned.  Without  cooling 
the  percentage  of  work  converted  into  heat  during  compression,  and 
therefore  lost,  is  as  follows : 


*  Bjarling,  Ctlliery  Guardian,  Aac-  7,  1896,  p.  373. 
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Compression  to  2  atmospheres,     9.2^  loss. 

"  3  "  iS-0%  " 

"  4  "  19.69&  " 

"  5  "  21.3%  " 

"  6  "  24.0%  " 

"  7  "  26.09&  " 

"  8  '■  274$fc  " 

In  the  best  dry  compressors,  working  at  a  pressure  of  5  atmos- 
pheres, the  heat  loss  is  reduced  about  one-half,  or  from  21.3  per 
cent  to  1 1  per  cent.  By  spray  injection  this  loss  has  been  cut 
down  in  good  American  practice  to  as  little  as  3.6  per  cent.,  and  in 
some  of  the  slow-running  European  wet  compressors  to  1.6  per 
cent.*  But  the  question  of  heat  loss  is  not  the  only  considera- 
tion. Low  first  cast  and  simplicity  of  construction  are  often  more 
advantageous  than  the  attainment  of  a  high  degree  of  isothermal 
compression.  Latterly  the  wet  systems  have  lost  ground  in  the 
United  States,  and  in  Europe,  also,  dry  compression  has  grown  in 
favor,  at  least  for  mining  plants  and  others  of  moderate  size.  The 
matter  may  be  considered  from  two  standpoints,  as  regards ; 

1,  The  effect  of  injected  water  upon  the  compressed  air  and  the 
machine  using  it. 

2.  The  effect  of  the  water  upon  the  working  of  the  compressor. 
In  addition,  it  is  necessary  to  take  account  of  the  relative  efficien- 
cies of  the  two  types,  but  this  will  be  deferred  until  later. 

First,  there  is  no  question,  as  has  been  pointed  out,  that  by  using 
large  slow-speed  engines,  and  an  abundance  of  injection  water,  the 
air  is  well  cooled,  though  at  a  higher  first  cost  for  plant.  Wet 
compression  gives  a  good  indicator  card,  also.  It  is  shown  by  the 
following  table  that  in  compressing  moist  air  less  work  is  expended 
than  for  dry  air.  This  is  due  to  the  fact  that  the  specific  heat  of 
watery  vapor  is  about  twice  that  of  dry  air;  therefore  in  the 
presence  of  moisture  more  heat'is  required  to  raise  the  tempera- 
ture of  the  air  in  the  compressing  cylinder,  and  the  loss  of  work  is 
reduced-t 

•W.  R.  Sannden,  Corapretced  Air  ProductioD,  p.  34, 
t  aoodauut,  Tiut.  Fed.  IntL  M.  E.,  Vol.  VII.,  p.  345. 
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Table  III  .• 

1 
Absolute        I 

Gtnge 

Preimre. 

PoQDds. 

'4  7 
**4 

% 

Foot  PooBcU  of  WoA  Reqnired  to  Comprem 
One  Pound  of  Air. 

Atmoapberes.     | 

1       Wtih  Sufficient 
j            Moisture. 

3                 1 

3  1 

4  1 

i 

7              ' 

1 

]               =3.S<» 
nfxxi 
48,500 
58,500 
67.000 
75,000 

i»,50o 

35,000 

1             4S.OOO 

60.000 

:  66.000 

Theoretically,  a  corresponding  economy  takes  place  also  whcD 
the  air  is  expanded  again  in  the  machine  using  it. 

Notwithstanding  these  advantages  several  serious  objections  be- 
came apparent  in  the  use  of  the  wet  system  of  compression. 
Other  things  being  equal  the  amount  of  heat  given  up  is 
proportional  to  the  difference  of  temperature  between  the  air 
taken  into  the  cylinder  and  the  injected  water,  and  to  the  time  of 
contact  between  the  air  and  water.  Under  ordinary  circumstances 
this  difference  of  temperature  is  zero  atthe  beginning  of  the  stroke, 
reaching  its  maximum  at  the  end.  It  follows:  (l)  that  to  attain 
a  fair  approach  to  isothermal  compression  the  piston  speed  must 
be  verj'  slow ;  (2)  that  during  the  first  part  of  the  stroke  but  little 
heat  is  removed,  and  it  is  only  when  compression  is  complete,  and 
the  air  begins  to  pass  through  the  discharge  valves,  that  the  cool- 
ing effect  is  at  its  maximum.  At  ordinary  piston  speeds,  there- 
fore, a  large  proportion  of  the  total  heat  must  be  given  up  after 
the  discharge  valves  have  opened;  in  other  words,  after  compres- 
sion is  completed-t  The  warmth  of  the  air  at  dischai^e  augments 
its  moisture  carrying  capacity,  and  though  it  is  intended  that  the 
separation  of  the  water  shall  be  as  complete  as  possible  in  the  air 
receiver,  still  it  must  of  necessity  be  imperfect  in  a  receiver  of  any 
reasonable  size.  Much  moisture  passes  into  the  air  mains  and  de- 
posits as  the  air  cools  down  in  long  tines  of  piping.  In  cold 
weather  it  may  freeze  so  as  to  reduce  the  effective  diameter  of  the 
pipe.     The  moisture' remaining  in  the  air  has  a  further  ill  effect 

*  Abstract  from  a  table  bjr  Mr.  Norman  Selfe,  Trans.  Eng.  Aisn.  of  New  Sondl 
Walei. 

t  A.  C.  EUiotl,  Trans.  South  Wales  Inst  M.  E.,  Vol.  17,  p.  170. 
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when  it  is  used.  At  the  instant  of  exhaust  by  the  drill,  or  other  air 
engine,  the  intense  cold  produced  by  expansion  causes  the  forma- 
tion of  troublesome  accumulations  of  ice  in  the  exhaust  passages. 

As  to  the  dry  compressor  it  must  be  admitted  that  as  air  is  a 
poor  conductor  of  heat  it  has  little  opportunity  to  give  up  its  heat 
of  compression  between  the  jstrokes  of  the  piston.  Besides  this, 
the  piston,  as  it  advances,  rapidly  covers  the  jacket-cooled  sur- 
face of  the  cylinder.  However,  although  atmospheric  air  as  taken 
into  the  compressor  always  contains  moisture,  which  will  make  its 
appearance  as  frost  at  the  exhaust  of  the  air  machine,  still  there  i» 
not  enough  of  it  to  cause  serious  trouble.  The  delivery  of  warm 
air  by  a  dry  compressor  is  far  less  objectionable  than  warm  air 
from  a  wet  compressor.  More  remains  to  be  said  upon  this  sub- 
ject under  "  Compound  Compression  of  Air." 

Second,  as  to  the  effect  of  injected  water  upon  the  working  of 
the  compressor.  Under  the  best  of  circumstances  water  in  the  air 
Q'linder  is  objectionable  because  it  makes  lubrication  difficult, 
causes  rust,  and  increases  the  wear  of  piston  and  cylinder.  No 
satisfactory  method  has  ever  been  devised  for  lubricating  the  inner 
surface  of  wet  compressor  cylinders.  This  is  one  of  the  chief  diffi- 
culties with  wet  compressors,  and  becomes  most  serious  when  the 
water  is  impure  or  gritty.  It  must,  of  course,  contain  no  trace  of 
acid,  such  as  is  often  present  in  mine  water.  Water  that  is  com- 
paratively harmless  for  the  use  of  jackets  might  be  decidedly  injuri- 
ous to  the  finished  surfaces  of  working  parts. 

It  is  urged  on  behalf  of  wet  compression  that  the  piston  clear- 
ance space  is  filled  with  water,  and  the  capaci^  of  the  compressor 
is  therefore  increased.  While  this  is  true,  yet,  as  water  is 
incompressible,  and  as  a  part  of  it  must  be  forced  out  through 
the  discharge  valves  at  each  stroke,  the  wet  compressor  is 
compelled  to  work  in  a  measure  like  a  water  pump.  Further- 
more, closer  attendance  is  required  in  regulating  the  water  supply 
when  the  compressor  is  standing  still  or  running  very  slowly. 
The  drip  cock  at  the  bottom  of  the  receiver  must  also  be  watched 
more  closely  to  prevent  Boodlng,  and  there  is  the  disadvantage  of 
having  an  injection  pump  to  care  for  and  regulate. 

Compound  or  Two-Stage  Air  Compressors. 

The  operation  of  a  compound  compressor  is  the  reverse  of  that 

of  a  compound  steam  engine.    Air  at  atmospheric  pressure  is 
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taken  into  the  large,  or  low-pressure,  cylinder;  is  there  compressed 
to  a  certain  point,  and  is  then  forced  into  the  smaller,  or  high>pres- 
sure  cylinder,  where  it  is  brought  up  to  the  required  tension.  Mani- 
festly, the  sizeof  the  low-pressure  cylinder  determines  the  capacity 
of  the  compressor. 

Formerly  it  was  customary  to  employ  compound  cylinders  only 
when  high  pressures  were  required,  such  as  for  pneumatic  loco- 
motives,  riveting  machines,  presses,  compression  of  gases,  pneu- 
matic guns,  etc.  The  efficiency  of  compound  compression  in- 
creases with  the  air  pressure  produced,  and  the  higher  the  pressure 
the  greater  becomes  the  necessity  for  compounding  the  cylinders. 
For  extremely  high-pressures,  triple  and  even  quadruple  cylinders 
have  been  employed.  It  is  recognized  now  that  compound,  or 
stage,  compression  may  be  advantageously  applied  for  even  the 
ordinary  pressures  of  70  or  80  lbs.,  commonly  used  in  mining  ope- 
rations. By  it  some  of  the  difficulty  due  to  the  development  of 
heat  during  compression  is  overcome.  In  an  ordinary  compressor 
all  the  heat  is  generated  rapidly  in  a  single  cylinder,  and  can  be 
only  partially  abstracted  by  cooling  devices.  Under  the  best  con- 
ditions the  compressed  air  as  discharged  from  the  cylinder  carries 
a  considerable  degree  of  heat,  and  loss  of  pressure  due  to  subse- 
quent cooling  must  always  take  place.  In  a  compound  compressor, 
on  the  other  hand,  the  cooling  is  more  perfect.  The  total  heat 
generated  is  divided  between  the  two  cylinders,  and  when  both  arc 
water-jacketed,  as  they  should  be, a  much  latter  cooling  surface  is 
presented.  A  further  cooling  is  efTected  by  an  "  intercooler,"  which 
forms  an  important  adjunct  of  a  compound  compressor.  Fig.  15 
is  a  diagram  showing  the  position  and  form  of  the  intercooler  as 
used  on  the  Norwalk  compressor,  and  upon  it  is  indicated  the 
course  of  the  air  from  one  cylinder  to  the  other.  Fig.  3  gives  a 
vertical  longitudinal  section  of  the  latest  design  of  the  same  com- 
pressor, with  compound- steam  as  well  as  air  cylinders. 

The  intercooler  is  an  intermediate  chamber  through  which  the 
partially  compressed  air  from  the  intake,  or  low-pressure,  cylinder 
passes  on  its  way  to  the  high-pressure  cylinder.  For  ordinary 
purposes  the  intercooler  is  practically  a  section  of  large  pip- 
ing, containing  a  number  of  parallel  thin  copper  tubes,  through 
which  cold  water  is  circulated.  In  passing  between  the  tubes, 
which  have  a  large  total  area,  the  air  may  be  cooled  nearly  to  noniial 
atmospheric  temperature  before  it  enters  the  high-pressure  cylio- 
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der.  The  intercooler  of  the  Schram  (English)  compouQd  com- 
pressor is  a  vertical  chamber,  filled  with  small  tubing.  The  water 
enters  at  the  bottom,  passes  up  through  one-half  of  the  tubes  and 
down  through  the  other  half,  the  lower  water-head  being  divided 
accordingly.  The  air  from  the  low-pressure  cylinder  enters  at  the 
top  of  the  intercooler. 

Both  cylinders  should  be  water-jacketed  as  in  ordinary  single- 
stage  compressors.  The  additional  heat  developed  by  the  fina 
compression  in  the  high-pressure  cylinder  is  partially  abstracted 
by  its  water-jacket.  It  is  clear  that  the  temperature  of  the  com- 
pressed air  delivered  by  a  compound  compressor  must  tw  some- 
what lower  than  that  from  the  simple  compressor,  because,  aside 
from  the  effect  of  the  intercooler,  the  smaller  amount  of  heat  de- 
veloped in  each  cylinder  is  more  effectually  dealt  with  by  their  re- 
spective water-jackets.     This  is  indicated  by  the  diagram,  Fig.  i6. 


That  compound  compression  under  favorable  conditions  gives  a 
high  degree  of  efficiency  is  shown  by  the  results  obtained  from  the 
large  compressors  of  the  Paris  Pneumatic  Supply  Co.  Spray  in- 
jection is  applied  to  both  cylinders,  and  also  to  a  plain  intermedi- 
ate receiver  of  large  capacity.  The  air  is  compressed  to  88  lbs., 
and  the  indicator  diagrams  of  the  air  cylinders  exceed  in  area  the 
true  isothermal  diagram  by  only  12%.* 

The  useful  efTect  of  the  intercooler  should  not  be  exaggerated. 
It  must  be  remembered  that  real  economy  in  air  compression 
is  obtained  only  by  cooling  during  compression  in  the  cylindeis 

•  Proceeding*  Iiwt  C  E.  London,  Vol  CV.,  p.  i8a 
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themselves.  The  value  of  the  intercooler  lies  in  the  fact  that 
cooler  air  is  delivered  to  the  high  pressure  cylinder,  thus  making 
possible  a  somewhat  lower  final  temperature.*  The  higher  the 
pressure  the  more  useful  does  the  intercooler  become.  It  is  im- 
portant that  the  copper  tubes  in  the  intercooler  be  kept  clean.  As 
the  oil  carried  over  by  the  air  tends  to  deposit  on  the  tubes  they 
should  be  so  arranged  as  to  be  easily  removed  for  cleaning.  For 
lai^e  plants  intermediate  cooling  receivers  are  sometimes  made  of 
much  greater  volume  than  that  shown  on  the  cuts. 

Two  other  advantages  of  the  compound  compressor  are  to  be 
noted : 

1 .  It  has  practically  but  one  clearance  space — that  in  the  low- 
pressure  cylinder — and  as  the  air  here  is  at  a  comparatively  low 
tension — the  resulting  reduction  in  net  cylinder  capacity  is  not 
large. 

2.  The  total  variation  in  resistance  throughout  the  stroke,  and 
the  maximum  resistance  at  the  end  of  the  stroke,  are  much  less 
than  in  single-stage  compression.  Take,  for  example,  two  com- 
pressors, one  having  a  single  air  cylinder  20  inches  diameter,  the 
other  having  compound  cylinders,  of  which  the  low-pressure 
cylinder  is  also  20  inches  diameter,  and  both  compressing  air  to 
80  lbs.  per  square  inch.  In  the  low-pressure  cylinder  of  the  com- 
pound compressor  the  air  is  compressed  to  say  25  lbs.,  producing 
a  total  pressure  on  the  piston  at  the  end  of  the  stroke  of  7,854  lbs. 
The  high-pressure  cylinder,  completing  the  pressure  to  80  lbs.,  has 
a  diameter  of  131^  inches,  and  the  corresponding  resistance  at  the 
end  of  stroke  is  11451  lbs.  But  the  25-lb.  pressure  of  the  low- 
pressure  cylinder  acts  upon  the  back  of  the  high-pressure  piston. 
It  amounts  to  3,578  lbs.,  which,  being  subtracted  from  11451  lbs., 
leaves  7,873  lbs.,  as  the  net  maximum  resistance  in  the  high-pres- 
sure cylinder.  The  total  resistance  in  both  cylinders  varies,  there- 
fore, between  3,578  lbs.,  at  the  beginning  of  the  stroke,  to  15,727 
lbs.,  at  the  end.  In  the  single  20-inch  cylinder,  on  the  other  hand, 
the  variation  is  from  zero  to  25,133  lbs.  It  follows  that,  as  the 
strains  in  all  the  parts  are  diminished  and  there  is  less  irregularity 
in  working  in  the  compound  compressor,  the  engine  frame,  etc., ' 
need  not  be  so  heavy  as  for  the  single-cylinder  compressor. 

Compound  compressors  are  made  both  single-and  double-act- 
ing.    For  high  pressures  there  is  some  advantage  in  single-acting  - 
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two-stage  compressors,  as  more  time  is  given  for  cooling  the  air; 
but  the  frictional  loss  is  increased,  and  it  is  evident  also  that 
throughout  an  entire  revolution  there  is  much  greater  variation  in 
resistance  and  a  consequent  lack  of  smoothness  in  running.  For 
the  ordinary  pressures  used  in  mining  double-acting  compressors 
are  preferable. 

The  Ingersoll-Sergeant  Drill  Co.  have  recently  introduced  a 
very  compact  form  of  compound  compressor.  It  is  of  small  size 
(about  25  H.  ?.),  self-contained,  and  requires  very  little  in  the  way 
of  foundation.  The  peculiarity  of  its  construction  consists  mainly 
in  the  arrangement  of  the  cylinders.  In  the  middle  are  the  tandem 
air  cylinders,  whose  crank  is  placed  between  a  pair  of  fly  wheels. 
On  each  side  of  the  high-pressure  air  cylinder,  and  rigidly  bolted 
to  the  same  engine  frame,  are  the  steam  cylinders,  which  maybe 
either  simple  or  compound  duplex.  The  cranks  of  the  steam  cy- 
linders are,  therefore,  outside  of  the  fly  wheels." 

{To  be  continued.) 


PUZZOLANA  AND  ITS  PRACTICAL  USE. 
BY  JOSEF  ZERVAS. 

Puzzolana  is  one  of  the  oldest  materials  used  for  making  mortar, 
especially  hydraulic  mortars.  It  entered  largely  into  the  construc- 
tion of  all  the  important  works  built  by  the  Romans  from  the  earli- 
est period  of  their  existence  as  a  nation,  and  is  fully  and  quaintly 
described  by  Vitruvius  in  the  fourth  chapter  of  the  second  book 
of  his  work.  The  remarkable  hardness  which  the  Roman  mortars 
attained  with  age  was  largely  due  to  the  employment  of  Puzzolana 
mixed  with  fat  lime  and  sand.  Formerly  Puzzolana  was  found 
principally  in  the  neighborhood  of  Naples,  and  especially  at  Puizu- 
oli,  hence  the  name.  At  the  present  time  similar  material  is 
known  sometimes  under  different  local  nomenclature  like  that 
from  the  river  Rhine  (Germany),  where  the  hard,  stone-like  variety 
is  called  "  tuffstone,"  the  powdered  "Trass;"  from  the  Azores 
islands,  where  the  name  of  Puzzolana  has  been  adopted,  but  a  red 
variety  is  called  "  Tetin ; "  from  Schemnitz  (Hungary) ;  from  Au- 

*  EmgiHMrimg  and  Mining  jfeur.,  Dec  la,  1S96,  p,  561. 
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vergnc  (France) ;  from  TeneriRa,  where  it  is  called  •'  Tosca ; "  etc. 
The  •'  Santorin-earth  "  from  the  Greek  island  "  Santorin  "  is  also 
to  be  ranged  with  the  Puzzolanas. 

Puzzolana  is  of  volcanic  origin,  and  in  its  natural  state  ap- 
pears as  a  deposit  of  powdered  and  coarse  ashes,  and  often  con- 
tains pieces  of  pumice  stone. 

Where  such  ashes  were  mixed  with  or  deposited  in  water,  the 
mud  thus  produced  hardened  to  a  certain  degree  while  drying. 
The  tuffstone  of  the  river  Rhine  is  a  good  example  of  this.  In 
case  the  yet  moist  Puzzolana  were  covered  by  a  hot  lava  stream 
which  allowed  evaporation  of  the  water  after  an  energetic  action 
of  oxidation  on  the  hydrous  oxide  of  iron,  which .  at  the  same  time, 
lost  part  of  its  water,  the  color  of  the  Puzzolana  changed  to  red, 
and  often  the  part  in  contact  with  the  hot  lava  became  as  hard  as 
a  brick.    An  example  of  this  is  the  "  Tetin  "  of  the  Arores. 

The  latest  Tertiary  period  produced  the  best  Puzzolana  now 
used  in  mortar.  H.  von  Dcchen  *  and  L.  Dressel  f  accord  that 
the  trachytic-leucitic  and  pumice  stone  tuffs  of  the  Laacher  See 
(river  Rhine)  originated  at  the  end  of  the  Tertiary  period  and  the 
beginning  of  the  Loess  deposits. 

It  may  be  observed  that  but  trachytic  and  pumice  stone  tuff  is 
fit  for  mortar  purposes,  while  the  leucitic  tuff  yielded  almost  no 
useful  result  However,  leucittufT  yields  an  excellent  building 
stone,  especially  for  ornamental  work,  and  has  been  used  exten- 
sively in  churches  and  other  monumental  buildings  in  Germany, 

The  origin  of  the  leucittuff  is  somewhat  different  from  that  of 
the  trachytic  and  pumice  stone  tuff,  as  it  is  considered  not  to  be 
ejected,  but  to  flow  out  from  the  volcano  in  a  mud  stream — Moja. 

The  Italian  Puzzolana  is  mostly  obtained  by  digging  it  from 
open  pits  of  slight  depth ;  however,  very  large  deposits  are  also 
found.  That  of  Trentaremi  furnishing  a  light  brown  yellowish 
Puzzolana,  is  more  than  600  feet  deep,  of  great  extent  and  situated 
immediately  on  the  sea.  The  average  production  in  1885 
amounted  to  loo  tons  per  day.  The  deposits  of  the  dark  gray 
Puzzolana  of  Santa  Maria  della  Bruna  near  Torre  Anunciata,  on 
the  slope  of  Mount  Vesuvius,  is  estimated  at  2,000,000  tons,  and 
can  furnish  150  to  300  tons  per  day.     Comparatively  little  care  is 

*G«o|iiaatiicher  FObrer  nun  Laacher  S«e  aad  MJnea  vnlfcanUcbeD  Umgebungen. 
601111,1864. 

t  G«og;Doitiich-2eoIoglK>ie  Skizwi^er  Lucher  Vu1kaDgeg«nd.     MUnster,  1871. 
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exercised  in  the  selection  of  the  localities  from  which  Puzzolaoa  is 
taken,  a  matter  of  great  importance,  although  it  is  evident  that  a 
natural  material  of  this  character,  the  product  of  successive  volca- 
nic eruptions,  must  vary  greatly  in  its  chemical  and  physical  con- 
stituents. Besides  neglecting  the  necessary  preliminary  tests  and 
explorations,  the  Italian  manufacturers  have  been  very  careless  ia 
the  grinding  and  screening  of  the  Puzzolana  after  it  has  been  ex- 
cavated, and,  as  a  necessary  consequence,  the  manufactured  article 
varies  greatly  in  quality.  The  Italian  Puzzolana,  beside  being 
poorly  manufactured,  is  inferior  to  other  Puzzolanas,  such  as  are 
found  on  the  Rhine  (Germany)  and  in  the  Azores,  in  the  character 
of  the  material  itself.  This  want  of  uniformity  in  the  Italian  Puz- 
zolana has  made  the  French  engineers  employ  less  of  it  in  their 
marine  constructions  than  they  did  formerly.  Therefore,  it  is  not 
surprising  that  Italian  Puzzolana  from  Castelamare,  imported  into 
the  United  States  by  a  firm  from  Boston,  Mass.,  in  t886,  proved 
an  entire  failure. 

The  Dutch  engineers,  on  the  contrary,  whose  very  existence  de- 
pend on  the  stability  of  their  hydraulic  works,  employ  "Trass" 
(which  is  closely  allied  to  the  Italian  Puzzolana,  but  is  selected  and 
manufactured  with  much  greater  care)  in  all  their  important  places, 
on  account  of  its  cheapness  and  strength. 

Puzzolana  of  the  Azores  is  a  yellowish  to  brownish,  sometimes 
grayish,  earth-like  powder,  which  is  often  fine  enough  to  use  as  a 
mortar  without  grinding  or  screening.  "  Trass,"  on  the  contrary,, 
is  a  pulverized  stone  called  tuffstone,  which  is  about  as  hard  as 
bnck,  varies  in  color  from  bluish-gray  to  yellow,  and  is  found  as 
a  porous  mass,  interspersed  with  pumice  stone.  The  harder  the 
tutiTstone  the  better  its  quality.  The  tuffstone,  especially  in  the 
valley  of  Brohl  on  the  river  Rhine,  is  generally,  sometimes  up  to 
lOO  feet,  covered  by  powdered  Puzzolana  containing  much  pumice 
stone,  which  is  called  "  mountain  Trass,"  and  is  by  far  inferior  to- 
tufTstone  for  mortar  purposes. 

Both  Puzzolana  and  Trass  are  the  products  of  the  eruptions  of 
former  volcanoes  and,  although  quite  different  in  their  physical 
appearance,  they  give  nearly  the  same  chemical  analysis.  They 
also  give  the  best  results  for  hydraulic  mortars  when  the  materials- 
have  been  found  at  the  original  place  of  deposit,  near  the  volcano 
frofti  which  they  were  first  ejected. 

General  Q.  A.  Gillmore,  in  his  standard  treatise  on  limes,  hy- 
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draulic  cements  and  mortars,  makes  the  following  reference  to  Trass 
and  Fuzzolana :  "  Trass  or  Teras. — In  the  valley  of  the  Rhine, 
between  Mayence  and  Cologne  and  in  various  localities  in  Holland, 
a  substance  of  volcanic  origin  is  found  called  Trass  or  Teras,  which 
has  been  extensively  employed  throughout  that  region,  particu. 
larly  by  the  Dutch  engineers.for  the  production  of  hydraulic  mortar. 
It  is  derived  from  immense  pits  or  quarries  occupying  the  sites  of 
extinct  volcanoes,  and  enjoys  in  every  particular  the  distinguish, 
ing  properties  of  Italian  Puzzolana,  closely  resembling  it  in  its  com- 
position and  in  the  details  of  its  manipulation,  requiring  to  be  pul. 
verized  and  combined  with  rich  lime  in  order  to  render  it  fit  for 
use,  and  to  develop  any  of  its  hydraulic  properties."  The  above 
description  of  the  Trass  and  Puzzolana  is  substantially  correct,  ex- 
cept that  General  Gillmore  should  have  said  "  between  Coblentz 
and  Cologne,"  instead  of  Mayence  and  Cologne,  and  should  have 
omitted  the  words  "  in  various  localities  in  Holland,"  as  no  Trass 
is  found  in  Holland  unless  it  is  imported  from  the  above-named 
locality  in  Germany. 

The  analysis  on  next  page  shows  how  much  Trass  and  Puzzolana 
resemble  each  other,  and  also  that  the  chief  ingredients  are  silica, 
alumina  and  iron  oxide. 

The  proper  amount  of  lime  that  is  necessary  to  use  with  Puzzo. 
lana  and  Trass  mortars  varies  with  the  character  of  the  work  and 
the  quality  of  the  Puzzolana  and  lime.  Mortar  composed  by 
volume  of  one  part  each  of  Fuzzolana,  powdered  lime,  and  sand, 
probably  gives  better  results  than  any  other  combination  of  these 
materials,  although  larger  proportions  of  lime  and  sand  may  be 
used  where  great  strength  is  not  required. 

At  the  great  harbor  improvements  at  Kiel  (HoUtein)  the  follow- 
ing mixture  was  adopted ; 

3  volumes  of  Trass. 

2  volumes  of  fat  lime  paste. 

7  volumes  of  sand. 

tn  Holland  the  following  composition  is  the  standard  for  the 
hydraulic  works : 

Tnu.  Shell  Lime  Fute.        Sand.      Stone*. 

Scroag  Tnut  morUr I  vol.  I  voL. 

Second  qnaUtj .   .  a  vols.  4  *ol>.  I  vol.          .   . 

TUid  qntlitf   . 3  vob.  6  rob.  3^  toIi.       .   . 

Concrete 1  voL  itoL  ,   ,     i{ti>ttTolfc 
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In  the  United  States  the  ordinary  market  limes  make,  when 
mixed  with  Fuzzolana,  very  strong  mortars ;  some  of  the  best  re- 
sults having  been  obtained  with  common  Rockland  lime. 

The  lime  should  be  slacked  with  about  40  per  cent,  by  weight 
of  water,  two  or  three  days  before  mixing  with  the  Fuzzolana,  to 
give  the  unslacked  particles  a  chance  to  be  air-slacked.  General 
Gillmore,  in  his  work  on  limes  above  referred  to,  says:  "  Experi- 
ments seem  to  prove  that  fat  lime  slacked  to  powder  will  give 
better  mortars  with  Trass  and  sand,  or  with  Trass  alone,  if  left 
exposed  to  the  air  for  a  month  or  more  after  slacking,  than  if  made 
into  mortar  when  perfectly  fresh."  After  the  lime  has  been 
sUcked  it  should  be  screened  through  a  sieve  of  400  meshes  per 
square  inch.  Of  course,  other  kinds  of  hme  may  be  used  just  as 
well  in  Fuzzolana  mortar.  The  right  proportions  of  the  mixture 
should  be  ascertained  by  previous  experiments. 

Unlike  cement  mortars,  which  have  to  be  used  soon  after  mixing, 
the  Fuzzolana  and  Trass,  after  the  lime,  sand  and  water  are  added 
to  them  in  the  proper  proportions,  can  be  left  at  least  twenty-four 
hours  undisturbed,  and  be  worked  over  just  before  using,  without 
injuring  the  quality  of  the  resulting  mortars.  This  is  of  great  ad- 
vantage in  building  operations,  inasmuch  as  the  quantity  of  the 
mortar  for  each  day's  work  docs  not  have  to  be  so  accurately  de- 
termined. 

As  Trass  and  Fuzzolana  commence  to  harden  only  after  the 
addition  of  the  lime,  they  can  be  stored  even  in  damp  places  for 
any  length  of  time  without  deteriorating  in  the  slightest  degree. 
Trass  that  had  been  kept  exposed  to  the  atmosphere  for  three 
years  and  which  was  then  mixed  with  one  volume  each  of 
powdered  lime  and  sand,  gave  a  tensile  strength  at  the  end  of  five 
months  of  204  lbs  per  square  inch.  This  quality  makes  it  possible 
to  export  Trass  and  Fuzzolana  without  risk,  whereas  with  Fort- 
land  cement  great  trouble  is  experienced  in  the  ocean  voyage, 
either  from  dampness  or  overheating,  and  the  cargo  rarely  arrives 
in  as  good  condition  as  it  was  when  shipped.  The  ability  to  keep 
Fuzzolana  and  Trass  also  enable  the  engineer  to  carry  on  large 
works  more  advantageously,  as  he  is  not  obliged  to  estimate  so 
closely  the  quantity  of  cement  required  for  each  piece,  and  he  can 
make  better  arrangements  in  regard  to  its  purchase  and  storage. 

To  get  a  Portland  cement  mortar  of  equivalent  strength  to  the 
Fuzzolana,  and  near  the  price  of  it,  large  quantities  of  sand  must 
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be  added.  This  brings  up  the  question  of  the  weakening  eilect  of 
certain  sands  upon  cement  mortar  and,  from  some  very  carefully 
made  German  experiments,  we  find  that  the  same  cement  mixed 
with  fine  and  impure  sands  can  lose  two-thirds  of  its  strength. 
The  bad  effect  of  the  inferior  sand  upon  a  Puzzolana  mortarwould 
be  less  in  proportion  to  the  smaller  amount  of  sand  used. 

Fuzsolana  and  Trass  mortars  form  very  little  "  laitance "  as 
compared  with  cement  mortars;  a  very  desirable  quality  when  lay- 
'  ing  concrete  in  mass,  under  water,  where  cement  mortars  tend  to 
sepfurate  in  layers,  according  to  the  specific  gravites  of  the  compo- 
nent parts,  which  is  not  the  case  when  Puzzolana  or  Trass  is  used. 

The  change  of  volume,  either  contraction  or  expansion,  so  com- 
mon with  cement  mortars,  is  not  observable  with  Puzzolana  or 
Trass  when  the  lime  is  perfectly  slacked. 

The  following  table,  in  which  the  quantities  have  been  deter- 
mined by  very  careful  measurements,  will  enable  any  one  to  calcu- 
late for  himself  the  relative  economy  of  using  Puzzolana  and  Trass 
mortars  in  preference  to  either  Portland  or  Rosendale  cement 

The  weights  of  the  three  cements  and  of  the  lime  and  sand 
were  obtained  by  filling  a  litre  with  each  material  and  shaking  the 
measure  as  the)'  were  poured  in,  until  the  litre  would  hold  no  more, 
thus  insuring  absolute  compactness. 

Table  A, 

Amoum  at  ipHCe  Spftc*  occupltd  bf 

AmouDlof  sccupied   by  Nlld         eacli  mueriil 

Wdllll ;       mter  iburbed.  mMcHal  is  sue  iB  ■  cubic  me(R 

Kila(nn>-            Ljliet.  Ifire.                      of  monir. 

Portland  Mineat  .        .    .   .1.63                0.4S0  0.510                590  li tret. 

RowndLle  cement      ...  \.*f>               0.500  0.500                500      " 

Pnuoluu  or  Trui  ....  1.25                0,370  a630                630      " 

Sutd 1,70                0.350  0.650                650      " 

FoirderBdarilackedfitlime.0.71                0.600  0.400                400     " 

Table  B. 
Average  prices  of  mortar  materials  in  New  York. 

One  cubic  metre. 

Costs.  Contains  Kilo.  Costs. 

Poitlind  Cement  i  bbl.  net,  weighs  170  kilo.  {3.15  1630  |>o.6[. 

Rosendale    •>       i    ••      ••         •■      136.1  "      l.oo  1400  10.17. 

Pnuolsna  or  Trass.  lajo  laoo. 
Fat  lime               j     4.      ..         •>       136.1  "      0.70 

Slacked  Co  powdered  gives  3. 35  vols.  730  I.65. 

Sand             I  cutac  7ard  weighs  1315.0            0.65  1700  --.87. 
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Table  C. 


Odo  cubic  meter 
of 

2  i 

1    5 

11 

m 

III 

1 
1 

3 

1? 

Portland  Cement 

1.67 

SI3.84 

»<».8o 

0.750 

8.67 

«6l 

3-47 

ajia 

5-09 

140 

Rotendkle    •< 

0.500 

1.6, 

11.10 

&7i 

116 

0.750 

*SS 

11.94 

4.6Q 

359 

ill- 

aao 

i-S 

0.875 

ia.qi 

4-48 

:s 

" 

1.000 

3-33 

'3-33 

4J» 

3-uS 

Tables  A  and  B  may  be  changed  by  substituting  for  the  weights 
of  the  materials  when  compacted,  the  weights  of  the  same  when 
poured  loosely  into  the  measuring  vessel,  as,  for  example,  the 
standard  weights  per  struck  bushel  when  measured  by  falling  from 
a  hopper  placed  at  a  uniform  height.  But  this  change  will  not 
affect  the  results  shown  in  Table  C  relatively  for  the  three  cements. 

The  tensile  strength  for  Portland  and  Rosendale  mortars,  given 
in  the  last  column  of  Table  C,  is  taken  from  Mr.  Eliot  C.  Clarke's 
paper  printed  in  the  Transactions  of  the  American  Society  of  Civil 
Engineers,  published  in  April,  1S85.  It  was  compiled  from  about 
25,000  breakings  of  twenty  diflferent  brands,  and  fairly  represents 
the  average  strength  of  ordinary  good  cements  of  the  two  kinds. 
The  amount  of  water  used  was  just  sufficient  to  make  a  plastic 
mortar,  somewhat  stifTer  than  is  commonly  used  by  masons,  about 
25  per  cent,  for  neat  Portland  and  33  per  cent  for  neat  Rosendale. 
The  amount  of  water  used  by  Mr.  Clarke  in  his  experiments  being 
about  the  same  as  was  used  with  the  Puzzolana  mortars,  enables 
us  to  make  a  fair  comparison.  If  less  water  had  been  used  all  the 
above  figures  would  be  more.  Mixed  with  20  per  cent,  water 
Puzzotana  mortars  composed  of  one  volume  each  of  Puzzolana,  lime 
and  sand,  28  days  old,  break  at  more  than  200  lbs.  per  square  inch. 

The  following  tables  give  a  summary  of  results  in  regard  to  the 
proportion  of  the  compressive  strength  compared  with  the  tensile 
strength,  the  latter  being  admitted  at  100.  The  mixtures  are  made 
by  volume. 
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With  slow  setting  cement  treated  in  the  same  standard  manner, 
the  results  were : 

Cement  Lime.  SuuL  Compreidve  ttreBglh. 

1  .  8.5 


The  above  figures  prove  clearly  that  Puzzolana  or  Trass  mortar 
shows  better  proportions  of  compressive  strength  to  tensile 
strength  when  a  larger  amount  of  sand  is  added,  so  as,  by  di- 
minishing its  plasticity,  to  render  it  more  similar  to  cement  mortar^ 
and  consequently  be  struck  into  the  testing  moulds  like  cemenl 
mortar.  While  the  air  can  not  escape  as  easily  from  the  fat  Puz- 
zolana or  Trass  mortar  as  from  the  cemeat  mortar,  the  density  of 
the  test  cube,  and  consequently  the  strength,  is  diminished  in  a 
proportion  which  averages  98  :  100.  Therefore,  in  practical  work, 
where  no  ramming  of  the  mortar  takes  place,  the  results  will,  in 
proportion,  be  more  advantageous  with  Puzzolana  or  Trass  mortar 
than  with  cement  mortar.  To  test  the  density  or  impermeability 
to  water,  circular  conical  disks  of  20  square  centimetres  surface  at 
the  smallest  lace,  and  15  millimetres  thick  are  made  of  standard 
mortar,  and  immersed  into  water  to  harden  the  same  as  for  tensile 
strength  test.  By  means  of  a  rubber  ring  the  hardened  disk  is 
tightly  fitted  into  a  cylinder  in  such  a  manner  as  to  produce  by  an 
air  pump  a  vacuum  in  the  lower  part  of  the  cylinder  underneath 
the  mortar  disk,  while  water  is  filled  in  the  upper  part  of  the  cyl- 
inder, on  top  of  the  mortar  disk.  The  water  thus  efllects  a  pres- 
sure of  one  atmosphere  upon  the  mortar  disk.  After  24  hours  the 
percolated  water  is  carefully  collected  and  weighed. 

Results  I.  The  mixtures  being  made  by  volume;  the  fat  lime 
slacked  to  paste,  and  the  mortar  disks  hardened  for  6  weeks  undec 
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2.  The  fat  lime  being  slacked  to  powder  and  the  mortar  disk 
hardened  for  four  weeks  under  water. 

Tram  m  Walet-presscd 

PnKolaiu.      Fat  lime.         Sand.  Water.  trough. 

0  0.800  0.10  grammes, 

1  0^50  1.15 
I  0.500  0.15        •' 
1  0.550  0.15 

To  surpass  the  quantity  of  water  of  the  last  mixture  would  be 
injurious,  as  the  quantity  of  water  and  lime  is  of  essential  influ- 
ence to  the  density  of  the  mortar. 

Cement-sand  mortars  thinned  as  in  practical  use  are  less  dense, 
because  the  cement  does  not  fill  up  as  perfectly  the  spaces  between 
the  particles  of  the  sand  as  is  the  case  with  Puzzolana  or  Trass 
and  lime  in  Puzzolana  or  Trass  mortars. 

Slow  setting  cement  of  standard  tensile  strength  and  standard 
mixture,  after  four  weeks'  hardening  under  water,  transmitted  1.25 
grammes  of  water,  and  mixtures  of 

CemenL        lime.  Sands. 
I  4 

'A  4 

I  I  6 

treated  in  the  same  manner  transmitted  all  of  the  water.    To  Dutch 
and  German  engineers  these  well  known  facts  have  been  of  de- 
cisive importance  in  many  of  their  large  works,  especially  in  the 
construction  of  sluices  and  basins. 
The  adhesive  strength  of  mortar  to  stone  is  of  great  importance, 
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especially  in  concrete.  In  the  following  table  the  figures  <^  adhe- 
sion have  been  established  in  connection  with  the  compresuvc 
strength  which  is  taken  at  loo. 

The  test  specimens  are  prepared  in  the  same  manner  as  for  com- 
pression tests.  As  bricks  show  too  great  a  difference  betweec 
each  other,  congenerous  basalt  pieces  have  been  used  for  &c  con- 
crete. To  one  volume  of  ready  mortar,  two  volumes  of  basalt  pieces 
have  been  added,  after  they  had  been  immersed  in  water  for  sodk- 
time.    The  specimens  were  left  to  harden  under  water  for6  wcefa. 

Mortir  miiture  by  volume. 

Fat  FroptntioBofdie 

lime  Sand.                Water.             adhesive  amc^  ol 

patte.  thecoDocte. 

I  o                   o-iSo                            loS 

)i  '  0-07S  "I 

I  1  ttooo  115 

%  a  0.130  109 

t  3  0.050  136 


The  mortars  with  more  lime  show  mostly  higher  proportional 
figures  in  concrete  than  those  with  less  lime.  Therefore,  a  larger 
addition  of  lime  should  be  made  to  mortar  used  in  concrete  duo 
to  that  used  without  stones.  While  up  to  the  admixture  of  tvo 
volumes  of  sand  the  concretes  show  higher  strength  than  the  mortan 
without  stones,  the  adhesive  strength  decreases  with  larger  addi- 
tion of  sand  in  such  a  manner  that  it  does  not  even  reach  tbe 
strengtii  of  the  mortar  without  stones. 

By  this  it  is  easily  understood  that  cement  mortars,  with  mudi 
sand  (as  generally  used,  I  volume  of  cement  and  at  least  3  volumes 
of  sand)  attain  by  far  inferior  strength  in  concrete  than  the  same 
cement  mortars  would  show  without  stones.  These  diffcreaces  in 
strength  ought  to  be  greater  with  cement  mortars  than  with  Pui- 
zolana  or  Trass  mortars,  because,  in  consequence  of  their  greater 
density,  the  Fuzzolana  and  Trass  mortars  have  more  points  of  con- 
tact  with  the  admixed  stones  than  the  more  porous  cement  moflars- 

Adhesion  tests  with  cement  mortar  made  into  contrcte  vA 
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treated  in  the  same  manner  as  with  Puzzolana  and  Trass  mortar 
gave  the  following  results : 

Fiopoition  of  the 
Cement.  Lime.  Stud.  idhesiTe   strength  of 


H 


H 


For  the  valuation  of  the  mortar  materials  it  surely  merits  con- 
sideration, that  in  most  of  the  mortar  mixtures  used  in  concrete 
works,  Puzzolana  and  Trass  mortars  yield  a  higher  strength  by  the 
addition  of  the  stones,  while  the  more  porous  cement  mortars  show 
a  much  inferior  strength,  as  it  is  found  by  the  usual  test  of  the 
strength  of  the  mortar  without  stones. 

As  no  large  structure  can  be  executed  without  interruption,  the 
joining  of  the  separate  layers  of  mortar  is  of  special  importance. 
The  more  or  less  perfect  junction  of  already  hardened  to  fresh 
applied  mortar  is  not  dependent  upon  the  final  hardening  of  the 
mortar,  but  rather  upon  its  adhesive  capacity. 

Experiments  in  that  line  have  been  made  as  follows :  Specimens 
made  as  for  tensile  strength  tests  were  at  once  immersed  into  water. 
After  24,36  etc.,  hours  some  of  them  were  taken  out  of  the  water 
and  divided  into  halves,  while  the  other  specimens  remained  under 
water  to  ascertain  later  their  tensile  strength.  Each  of  the  halves 
were  put  again  into  a  mould,  and  the  remaining  empty  half  of  the 
mould  filled  up  again  with  fresh  mortar,  carefully  pressed  to  the 
old  half  specimen  and  reimmersed  at  once. 

The  cement  used  for  this  test,  according  to  standard  test,  left 
one  day  in  the  air,  showed  16.85  ^''^^  tensile  strength.  The  less 
strength  stated  in  the  following  table  is  caused  by  the  necessary 
immediate  immersion  of  the  specimens. 

Table  I. 


Uadiiui 


.  T™«,  lyi  ftl  lime  pute.  1 

3  Suid,  withont  w«er.  i  '   '    '    '-* 

Cement,  «tu>d«rd  mixture ^9%°^ 

Thii  answen  llie  prqpottionof : 
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Tabi^  II. 

Trsis,  (he  oune  u  in  Tftble  I >SX^  'S-'S 

I  Trass,  I  fat  lime  pute,  i  sud,  uid  5JC  irUer.15    ^  '4-5° 

Cement  Etandud  mixture 15    OC  9.50 

This  snswers  the  proportion  of: 

Trass  mortsr  ,. 1. 1^  . 3  100 

Trsss  mortar I.t.I  100 

Cement   mortar  ,.,... 100 

That  Trass  or  Puzzolana  mortar,  even  after  so  long  an  interrup- 
tion of  the  work,  makes  as  perfect  a  Junction,  as  shown  by  the 
table,  is  certainly  very  important,  and  the  only  guarantee  for  im- 
permeable masonry.  It  is  more  important  yet  with  concrete  work 
under  water.  Usual  cement  mortars  often  form  very  much  "  lai- 
tance,"  which  has  to  be  removed  before  new  concrete  may  be  put 
on.  As  the  formation  of  "  laitance  "  is  but  a  consequence  of  de- 
composition of  the  mortar,  it  ought  to  diminish  the  hydraulic 
properties  of  the  mortar.  With  the  plastic  Trass  or  Puzzolana 
mortars  such  decomposition  and  formation  of  "laitance"  is  almost 
unknown. 

Hardening  under  seawater  is  by  no  means  injurious  to  Puzzo- 
lana or  Trass  mortar.  Even  much  higher  strength  is  obtained 
than  when  hardening  in  soft  water.  This  has  been  stated  in  many 
maritime  works  by  the  Governments  of  Germany,  Holland,  Portu- 
gal, etc.  Taking  the  tensile  strength  of  the  mortar  hardened  in 
soft  water  at  100,  the  same  mortar  hardened  in  seawater  showed 
the  following  results : 

Trass.  Fat  lime  paste.  Sand                after  %%  days  hardening, 

a  purls                    I  part  .    .  bjr  weight          III 

I  part                      I    "  I  part  "                  168 

I    ■■                        I    "  3  ports  volume  13a 

At  the  Polytechnicum  in  Delft,  Holland,  tests  were  made  by 
Professor  van  der  Kloes,  at  the  pretty  low  temperature  of  T.cp  C. 
yielding  an  average  tensile  strength  after,  one  month's  hardening, 
with  2  parts  Trass  and  i  part  of  fat  lime, 

in  soft  water  in  seawater 

7.84  kilos  10.56  kilos  per  sq.  centimetre 

that  means  a  proportion  of:  100  135. 
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Trass  has  been  used  in  the  construction  of  most  bridges  over  the 
Rhine,  Weser  and  Elbe,  at  the  maritime  works  of  the  German 
Goveroment,  and  especially  in  Holland  and  Belgium,  the  docks  at 
Antwerp  having  required  60,000  tons.  Trass  was  also  used  in 
building  the  large  aqueduct  that  supplies  the  city  of  Verviers,  in- 
cluding the  enormous  masonry  dam,  "le  barrage  dela  Gileppe,"  in 
Belgium,  about  25  years  ago.  To  show  how  Trass  and  Puzzolana 
can  hold  their  own  as  competitors  with  Portland  cements,  may  be 
mentioned  the  fact  that  when,  about  1 5  years  ago,  it  was  found 
necessary  to  build  some  hydraulic  works,  sluices,  etc.,  for  the  im- 
provement of  the  River  Main,  in  close  proximity  to  the  celebrated 
Portland  cement  works  of  Dykerho^  and  SchifTerdccker,  Trass 
was  selected  as  the  material  to  be  used  on  account  of  its  strength 
and  cheapness,  although  it  had  to  be  brought  about  three  hundred 
miles.  Large  contracts  have  been  made  for  supplying  the  Chinese 
Government  with  Trass  manufactured  by  D,  Zervas'  Sons,  Cologne, 
Germany,  owners  of  extensive  tuBstone  quarries  and  Trass  mills 
near  Andemach,  Kruft  and  Brohl. 

According  to  the  official  reports  of  the  Board  of  Trade  in  Lis- 
bon, Puzzolana  was  imported  from  San  Miguel,  Azores  Islands,  to 
Portugal,  in  1801,  and  was  there  used  with  great  success  in  the 
erection  of  important  buildings.  Of  late  years  this  Puzzolana  has 
been  used  with  great  satisfaction  in  the  following  railroad  con- 
structions: East  Railroad,  South  Railroad, and  Central  Railroad; 
in  the  harbors,  docks  and  bridges  in  Porto,  Lisbon,  Ponta  Del- 
gada,  etc. ;  also  in  the  hospital,  aqueduct  and  reservoir,  together 
with  many  other  structures  in  Lisbon  and  other  cities  in  Portugal. 
In  the  harbor  and  dock  works  of  Figueira,  which  required  over 
five  years  to  finish,  the  mortar  was :  one  volume  Puzzolana,  one 
volume  Alcantara  lime,  and  one  volume  sand.  This  mortar  got 
so  hard  that  fire  was  produced  when  it  was  struck  with  a  hammer. 

Trass  and  Puzzolana  have  as  yet  rarely  been  used  within  the 
United  States ;  probably  because  they  have  not  been  advertised 
enough.  A  few  small  works  made  with  Puzzolana  of  the  Azores 
produced  excellent  results,  even  under  very  unfavorable  circum- 
stances. 

It  may  be  proper  at  this  point  to  mention  but  one  report  in  re- 
gard to  this.  Mr.  Henry  S.  Kearney,  Chief  Engineer  of  the  Board 
of  Electrical  Control  in  New  York,  says  in  his  letter  of  September 
2d,  1887 :    "  I  can  state  that  I  put  the  concrete  made  of  Puzzo- 
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lana  in  last  fall  in  Green  Point  for  foundation  of  a  large  engine, 
which  has  been  running  very  satisfactorily  since  last  spring.  As 
I  have  not  had  any  occasion  to  inspect  it,  there  being  no  com- 
plaint, I  can  say  that  it  is  satisfactory.  I  consider  the  time  (No- 
vember and  December)  when  concrete  was  placed,  being  very  un~ 
favorable,  and  my  not  being  troubled  since  the  engine  has  been 
running,  very  satisfactory  test  and  very  much  in  favor  of  the  ce- 
ment and  its  future  use." 

The  writer  of  this  article  inspected  the  work  mentioned.  The 
block  containing  over  50  cubic  yards  was  as  solid  as  a  monolith. 
The  place  where  the  block  had  to  be  put  in  was  swampy,  subjected 
to  the  effect  of  ebb  and  flood,  and  the  foundation  secured  by  but 
a  small  pile  work.  The  weather  was  so  cold  that  every  mornii^ 
a  solid  ice  cover  had  to  be  removed  from  the  work  pit  to  put  the 
concrete  in,  and  the  concrete  consisting  of: 

I  volume  of  Puzzolana  from  the  Azores, 

I     "         "  Rockland  lime  slacked  to  powder, 

i|  "        "  concrete  stones, 
had  to  be  used  at  once  after  mixing  to  prevent  its  freezing.    All 
other  cement  work  at  the  place  had  to  be  stopped  on  account  of 
the  great  cold. 

Some  smaller  Puzzolana  concrete  works  at  the  same  place 
showed  all  the  same  perfection. 

Up  to  the  present  time  real  Puzzolana  has  not  yet  been  discovered 
within  the  United  States,  where  the  geological  conditions  offer 
little  expectation  in  that  regard. 


PRINCIPLES  OF  ELECTRICAL  DISTRIBUTION.— II. 
By  FRANCIS  B.  CROCKER. 

Constant  Potential  Parallel  Systems.  Parallel  systems 
operating  at  constant  potential  are  far  more  important  in  electrical 
distribution  than  series  systems,  since  practically  all  incandescent 
lamps,  a  large  proportion  of  arc  lamps,  and  nearly  all  electric 
motors,  are  supplied  \(y  them.  Constant  potential  circuits 
are  usually  more  complicated  than  the  simple  series  systems, 
there  being  only  a  single  path  for  the  current  in  the  latter 
case,  while  with  parallel  connections  there    are  a  number  (A 
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braaching  paths.  FurUiennore,  the  maintenance  of  a  uniform 
vintage  over  a  lai^  district  is  exceedingly  difficult.  The  "  drop  " 
or  loss  of  voltage,  due  to  the  resistance  of  conductors,  is  particularly 
•objectionable  in  incandescent  lighting,  since  the  slightest  decrease 
of  potental  produces  a  very  conaiderable  diminution  of  light.  For 
■example:,  the  candle-power  is  reduced  from  16  to  15,  which  is  more 
than  6  per  cent,  when  the  pressure  falls  from  1 10  to  109  volts,  or 
less  than  i  per  cent.  Such  a  very  small  variation  in  pressure 
would  hardly  be  appreciable  in  any  other  practical  work,  such  as 
steam  or  gas  distribution. 

The  drop  in  pressure  produces  three  different  effects  in  the 
lamps  or  other  devices  supplied  by  parallel  circuits : 

(i)  All  of  the  lamps  receive  a  lower  voltage  than  that  generated 
by  the  dynamo. 

(2)  Some  lamps  may  be  supplied  with  a  lower  pressure  than 
others. 

(3)  The  potential  at  some  lamps  may  vary  when  others  are 
thrown  on  or  off  the  same  circuit. 

The  least  harmful  of  these  effects  is  the  first,  which  merely  re- 
•quires  the  generator  to  be  run  at  a  little  higher  voltage,  and  does 
not  necessarily  involve  any  difference  between  the  candle-power 
of  the  lamps,  since  the  drop  may  be  made  substantially  the  same 
for  all  of  them  by  some  of  the  methods  described  later. 

On  the  other  hand,  variatioTis  in  the  candle-power  of  lamps  due 
to  either  of  the  last  two  effects  are  extremely  objectionable  and 
-difficult  to  overcome.  In  order  to  study  these  problems  let  us  take 
a  specific  case  and  assume  that  100  incandescent  lamps  are  to  be 
supplied  with  electric  current  They  are  supposed  to  be  divided 
into  five  g^ups  of  20  lamps  each ;  each  lamp  requires  a  current  of 
110  volts  and  one  half  ampere  and  gives  16  candle-power;  there- 
-fore  one  group  takes  to  amperes,  the  total  current  being  50  am- 
peres. The  members  of  each  group  of  lamps  are  connected  in 
parallel  in  the  usual  manner,  but  will  be  indicated  by  a  single  line 
in  die  following  diagrams  in  order  to  avoid  confusion.  These 
groups  are  assumed  to  be  200  feet  apart  in  a  straight  line,  making 
a  total  distance  of  800  feet  between  the  extreme  groups,  as  shown 
m  Fig.  4.  The  five  groups  of  lamps  represented  by  the  light  verti- 
-cal  lines  are  connected  together  by  two  conductors,  which  are 
shown  as  heavy  horizontal  lines.  These  conductors  correspond  to 
^e  so-called  mains  in  electrical -distribution  systems,  to  which  are 

VQU  XTllL— 17. 
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connected  the  leads  or  small  branch  wires  actually  supplying  the 
lamps.  The  mains  receive  their  current  through  feeders  which 
connect  them  with  the  generating  plant  as  represented  in  Fig.  12. 
As  a  general  rule  no  lamps  are  connected  directly  to  the  feeders. 
In  the  first  case,  represented  in  Fig.  4,  the  mains  are  supposed 
to  be  fed  at  one  end,  the  feeding  points  being  represented  by  short 
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Fig.  4.— Feeding  at  One  End  of  Main  ;  1035  Lbs.  Coffer  1  3  Volts  Max.  Dif. 
FSRBNCB  Between  Lamps;  i i i  Volts  at  FBBDmc  Puints  4- and — ;  1.3 
Volts  Avebage  Drop. 

vertical  lines  marked  +  and  —  respectively.  The  mains  are  as- 
sumed to  consist  of  No.  0000  wire,  A.  W.  G.,  which  would  weigh 
1025  pounds  for  the  1600  feet  required.  It  will  be  seen  that  a  po- 
tential of  III  volts,  supplied  at  the  feeding  points,  gives  109  volts 
at  the  other  end,  therefore  no  lamp  receives  a  pressure  more  than 
one  volt  greater  or  less  than  the  normal  value  of  1 10  volts. 

In  the  second  case.  Fig.  5,  the  mains  are  supposed  to  be  fed  at 
their  centres  as  shown.  In  this  case  No.  2  wire,  weighing  321.5 
pounds,  gives  almost  exactly  the  same  variations  of  potential  as  in 
the  preceding  case,  the  maximum  pressure  being  1 1 1  volts  and  the 
minimum  109.08  volts.  This  shows  that  a  great  saving  of  copper 
is  effected  by  simply  feeding  the  mains  in  the  middle  rather  than 
at  the  ends.  Theoretically,  it  would  only  require  one  quarter  as 
much  copper  in  the  former  case.  This  is  easily  seen  when  it  is 
considered  that  the  mains  in  Fig.  5,  on  each  side  of  the  feeding 
point  are  one  half  as  long  and  carry  one  half  as  much  current  as 
those  in  Fig.  4,  consequently  the  conductor  has  one  quarter  of  the 
cross  section  to  give  the  same  drop.  The  weight  is  found  to  be 
slightly  more  than  one  quarter  in  the  examples  because  the  nearest 
regular  size  of  wire  was  taken  in  each  case,  in  order  to  make  the 
example^  as  simple  and  practical  as  possible. 

The  next  case,  Fig.  6,  represents  the  mains  fed  at  opposite  points. 
This  is  sometimes  called  the  WerderTnann  system,  after  its  inven- 
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tor,  and  sometimes  the  loop  or  anti-parallel  method  of  distribu. 
tion.  In  this  case  the  same  length  ( 1600  feet)  of  No.  4  wire  weigh- 
ing only  202.2  pounds,  gives  an  equally  good  distribution  of  potcn- 


Fig.  j. — Febding  at  Middlb  of  Mains;  331.5  Lbs.  Cofpeki  1.93  Volts  Majc. 
DiFFSRBHCB  Bbtwbbn  Lahps;  III  Volts  at  Fceding  Points  -f  and —  ; 
1.3  Volts  Average  Drop. 

tial.  It  is  sometimes  supposed  that  this  arrangement  must  give  a 
perfectly  uniform  potential  at  the  lamps,  since  the  sum  of  the  dis- 
tances of  each  lamp  from  the  feeding  points  measured  on  the  two 
mains  is  a  constant.  As  a  matter  of  fact,  however,  the  middle 
lamps  will  receive  a  lower  voltage  than  those  at  the  ends,  as  shown 
in  the  diagram.  This  is  due  to  the  fact  that  the  middle  lamps  are 
supplied  through  the  portions  of  the  main  conductors  which  carry 
heavy  currents,  and  in  which  the  drop  is  greatest.    For  example. 


^ 


Fio.  6.— FBBiitHC  ATOppcsmEHDSOPMAiNSi  303.1  Lbs.  Copper;  3  Volts  Uax. 
DiffekbncrBbtwern  Lamps;  iiCVolts  Betwrxh  Febdinq Points -|- and— ; 
6  Volts  Average  Drop. 

the  drop  on  the  mains  in  the  case  of  the  central  group  of  lamps  is 
2+1.5  +  1.5+2=7  volts,  but  for  the  end  group  of  lamps  it  is  only 
2+i.5  +  i+0.5-"S  volts.  It  is  possible,  however,  to  secure  a  per- 
fectly uniform  pressure  at  all  points  between  the  mains,  if  tiicir 
cross-section  is  made  proportional  to  the  current  in  each  section. 
In  this  way  the  drop  in  each  section  will  be  the  same,  and  every 
lamp  will  be  supplied  with  exactly  the  same  pressure.  The  use 
of  these  tapering,  or  so-called  "  conical,"  conductors  is  somewhat 
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objectionable  from  a  practical  point  of  view,  since  it  would  require 
considerable  extra  trouble  to  lay  them ;  but  it  is  evtd^tly  t»ac- 
ticable  in  many  cases  to  proportion  the  size  <A  each  length  of  wire 
to  the  -current  that  it  must  carry  without  involving  much  additional 


Fio.  7.— Fkumno  ATDisTRiBUTKoFoiMnoNHAiHs;  101  LBS.ovCoFPERi  aVixn 
Max.  DitfkkenceBetwein.Lahfi;  116  Volts  Betwein  Feeding Pontn -f 
AND — ;  6  Volts  Avebagb  Drop. 

trouble,  since  the  wire  is  laid  in  sections  between  cut-outs  at  which 
its  size  can  easily  be  changed.  For  example,  each  of  the  sections 
of  the  mains  shown  in  Fig,  6  could  consist  of  a  diRerent  size  of 
wire. 

In  the  next  example  the  mains  are  fed  at  distributed  points  as 
represented  in  Fig,  7.  In  this  case  No.  ^  wire,  weighii^  only  loi 
pounds,  gives  no  greater  variation  in  voltage  {t.  e.  one  volt  lirom 
the  normal)  than  No.  ocX)0  wire,  weighing  1025  pounds  in  Fig.  4. 
These  examples  show  the  great  difference  that  is  made  by  chang- 
ing the  points  at  which  the  feeders  are  connected  to  the  mains. 


Fig.  S.— Clckid  Rikoj  aooo  Ft.  No.  8;  100  Lbs.  CorpSR;  iif-aj  Volts  BsrwSiM 
Feeding  Points  4- AND— ;  1.95  Volts  Max,  Diffekkkce  Betwuh  iMtn; 
5-53  Volts  Avebaqb  Drop. 
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It  should  be  carefully  ooted,  however,  that  in  both  the  last  two 
cases  (Figs.  6  and  7)  the  feeders  must  supply  116  volts  to  the 
mains  instead  of  only  1 1 1  volts,  as  in  the  two  previous  examples 
(Figs.  4.  and  5),  In  Fig.  6,  for  instance,  the  diflerence  of  potential 
between  the  feeding  points  +  and  —  must  be  1 16  volts,  in  order 
that  the  end  group  A  shall  receive  1 1 1  volts,  since  there  is  a  drop  of 

2  +  1.5  +  I.  +  0.5  —  S  volts 

in  the  upper  main.  Similar  reasoning  applies  to  the  group  A  in 
Fig.  7.  Tliis  necessity  for  su[^lying  a  considerably  higher  volt- 
age at  the  feeding  points  of  the  mains  is  disadvantageous  in  two 
respects.  First,  it  involves  a  loss  of  power  in  watts  equal  to  the 
extra  pressure  multiplied  by  the  total  current,  and,  second,  it  may 
allow  great  variations  in  potential  to  occur  when  a  large  number 
of  lamps  are  thrown  on  or  off  the  circuit.  For  example,  if  all  the 
lamps  except  one  were  put  out,  the  remaining  one  would  receive 
practically  the  full  pressure  of  1 16  volts.  This  may  be  overcome 
by  reducing  the  voltage  of  the  feeders  when  lamps  are  discon- 
nected, either  by  automatic  or  hand  regulation,  employing  some  of 
the  methods  described  later. 

A  further  extension  of  the  principles  shown  in  Figs.  6  and  7  is 
indicated  in  Fig.  8,  in  which  five  groups  of  lamps  are  connected 
across  the  mains  which  form  complete  circles,  being  fed  at  diamet- 
rically opposite  points.  In  this  case  2000  feet  of  No.  8  wire  weigh- 
ing 100  pounds  is  used  instead  of  1600  feet  as  in  the  previous 


Fic.  9.— Closed  Square;  ifioo  Ft.  No.  10;  50.3  Lbs.  Copper;  No  Difpirshck 
Setwbxn  Lamps;  117.5  Volts  Bxrwsut  PoiHTs-f-AND—;  7.5  Volts  AvMi- 
AGE  Deof. 
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examples.  A  similar  arrangement  is  shown  in  Fig.  9,  but  the 
lamps  are  assumed  to  be  divided  into  four  groups  of  25  lamps 
each.  All  the  lamps  receive  exactly  the  same  voltage,  1600  feet 
of  No.  10  wire,  weighing  only  50  pounds,  being  required.  This 
exact  equality  in  voltage  is  due  to  this  being  a  special  case  in 
which  the  lamps  happen  to  be  symmetrically  placed  with  respect 
to  the  feeding  points.  In  Fig.  6,  for  example,  the  second  and 
fourth  groups  of  lamps  have  exactly  the  same  voltage  since  they 
are  equally  distant  from  the  feeders.  But  the  pressure  at  the  feed- 
ing points  is  higher  in  Fig.  9  than  in  any  of  the  other  cases. 

Individual  Conductors.  The  most  certain  way  to  obtain  a  con- 
stant voltage  in  parallel  distribution  is  to  provide  each  lamp  or 
group  of  lamps  with  its  own  particular  conductors.  One  arrange* 
meat  of  this  kind  is  illustrated  in  Fig.  10,  five  groups  of  lamps. 


Drop-  2.B 
Cu™nt=  llO 
PO.  kttampc 


Fic.  10.— iNDivmuAL  CoNDUCTOU.  Unequal  Lengths  ;  1S6  Lbs.  Coffer;  No 
DirFSRENCK  OF  VoLTACR  Bbtwerh  Laups;  115  VoLn  Between  Feesiho 
Points,  +  and  — ;  5  Volts  Drop. 

each  taking  10  amperes  and  placed  200  feet  apart,  being  assumed 
as  in  the  previous  examples.  The  feeding  points,  marked  -f-  and 
—  are  supposed  to  be  located  at  some  distance  from  the  lamps,  as 
shown.  The  pair  of  conductors  that  supply  each  group  is  so  pro- 
portioned in  size  and  length  that  the  drop  has  an  equal  value  for 
all  of  the  groups.  This  condition  will  be  secured  if  the  cross-sec- 
tions of  the  various  conductors  are  respectively  proportional  to 
their  lengths.  For  example,  if  a  conductor  is  twice  as  long  as 
another,  it  should  have  double  the  cross  section,  so  that  the  re- 
sistance of  the  two  will  be  equal.  If  the  currents  are  not  the  same 
for  the  different  conductors,  the  cross  sections  should  be  further 
modified  in  proportion  to  the  currents.     It  other  words,  for  all  of 
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il 
the  pairs  of  conductors  —  should  have  the  same  value,  /  beir^  the 

-current  in  amperes,  /the  length  and  a  the  cross  section. 

It  is  not  apparent  what  advantages  this  plan  of  using  individual 
wires  has  over  the  arrangements  already  described,  the  weight  of 
copper  being  even  greater  than  that  in  Fig.  7,  for  example.  The 
answer  is  to  be  found  in  the  fact  that  the  groups  of  lamps  in  Fig. 
10  are  not  only  equal  in  potential  when  all  are  burning,  but  they 
are  also  independent  of  one  another,  the  turning  on  or  off  of  one 
or  more  groups  not  affecting  the  others,  provided  that  the  voltage 
at  the  feeding  points  +  and  —  is  kept  constant.  In  the  preceding 
cases,  the  throwing  off  of  some  lamps  would  vary  the  pressure  of 
all  the  others.  In  fact,  it  was  pointed  out  that  disconnecting  every 
lamp  but  one  would  raise  its  potential  practically  the  whole  amount 
of  the  drop,  which  was  five  or  six  volts  in  some  instances.  It  was 
also  stated  that  the  remedy  for  this  variation  consists  in  regulating 
the  pressure  at  the  feeding  points.  Thus  it  appears  thatjt  is  nec' 
essary  to  maintain  a  constant  voltage,  at  the-  feeding^  "pqlnts  with 
some  arrangements  of  conductors  and  a  variable  voltage  with 
others.  These  questions  will  be  considered  later  under  feeder 
r^ulation. 

Fig,  1 1  represents  another  example  of  individual  conductors, 
but  in  this  case  each  group  of  lamps  is  supplied  through  the  same 
total  length  of  conductor,  t.  e.,  800  feet  of  No.  8  wire,  having  0.5 
ohm  resistance.  Consequently  the  drop  is  five  volts  for  all,  since 
each  group  takes  10  amperes.  The  advantage  of  this  plan  over 
that  shown  in  Fig.  6,  which  it  somewhat  resembles,  is  the  freedom 
from  interference  already  explained.  It  should  be  noted,  however, 
that  in  either  Fig.  10  or  11  the  turning  off  of  a  portion  of  the  lamps 
in  one  particular  cluster  would  affect  the  remaining  ones  in  that 
group.  In  order  to  secure  complete  independence  of  operation 
for  every  lamp  in  a  system,  it  would  be  necessary  to  provide  each 
one  with  its  own  individual  wires.  This  is  practically  out  of  the 
question  in  almost  all  cases,  but  it  can  be  approximated  more  or 
leas  closely,  the  tendency  in  the  best  practice  being  to  sub-divide 
the  circuits  and  reduce  the  number  of  lamps  on  each,  as  far  as 
economy  and  simplicity  will  reasonably  allow. 

Regulation  of  Pressure.  The  feeding  points  in  the  various  dia- 
grams might  in  some  cases  be  supplied  with  current  directly  from 
the  generator,  the  voltage  of  the  latter  being  varied  in  accordance 
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whli  1be  number  -of  lamps  -connected.  With  the  arrangement 
shown  in  Figs.  4  and  5  it  would  not  be  necessary  to  alter  the  po- 
tential at  all,  because  no  lamp  could  receive  more  dtan  1 1  r  voltSr 
ti^ch  is  the  pressure  of  the  feedii^  points,  even  if  all  but  one 
lamp  were  turned  off  The  large  amount  of  copper  used  in  tiiese 
cases  saves  the  trouble  of  regulation,  and  often  might  be  worth 
the  extra  first  cost.  This  is  practically  the  way  that  the  majori^ 
of  isolated  plants  are  operated,  the  size  of  Ae  wires  being  suffi- 


>wil-  lOvnpa. 
>np«-|llOniHi 


Drop-«  vslta  hr  Moti  fTDup 

Fio.  I i.^lNDtviDOAi.  Conductors;  Equal  Total  Lbncthi;  aoo  Lbs.  Owm; 
No  DiFPUBNCi  OP  VoLTAGB  BiTwsiH  Lahfs;  115  VoLn  Bktwsxm  FEKDntc 
Points  +  and — (  5  Volts  DSop. 

cient  to  limit  the  drop  to  a  small  atnount,  so  that  the  dynamos 
can  run  at  a  lixed  voltage.  As  a  matter  of  fact,  however,  the  per- 
centage of  drop  is  usually  too  great  to  make  &is  a  very  satisfac- 
tory method.  If,  for  example,  the  wiring  is  designed  for  5  per 
cent  drop  at  full  load,  and  the  dynamo  generates  1 1;  volts,  the 
lamps  will  then  be  supplied  with  the  normal  pressure  of  no  volts. 
But  when  nearly  all  the  lamps  are  disconnected,  the  remaining 
ones  may  receive  almost  115  voits,  which  would  rapidly  destroy 
them,  besides  causing  disagreeable  fluctuations  in  candle-power. 
As  a  compromise,  the  dynamo  might  be  run  at  1 12.5  volts,  but  at 
full  load  this  would  cause  the  lamps  to  burn  quite  dimly  when  die 
greatest  light  is  required.  The  natural  tendency  to  operate  incan- 
descent lighting  plants  at  an  average  voltage  is  lai^ely  responsible 
for  the  poor  illumination  that  is  often  observed,  the  lamp  filaments 
being  usually  a  dull  yellow,  and  sometimes  only  red.  But  it  is  a 
&Ise  economy  to  prolong  the  life  of  the  lamps  at  the  expense  of 
light.  An  increase  of  10  per  cent  in  light  for  500  hours  is  wortii 
50  cents  at  ordinary  central  station  rates,  which  is  enough  to  buy 
two  new  lamps.  In  other  words,  the  electrical  energy  costs  one 
cent  per  hour  and  the  lamp  only  about  ^o  ^  cent  per  hour» 
hence  it  is  very  unwise  to  save  Ae  latter  at  the  expense  of  the 
former.  Furthermore,  lamps  tend  to  deteriorate  in  efficiency  and 
give  less  light  after  a  certain  time.    In  short,  for  several  reasons^ 
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it  is  UDwise  to  nia  them  below  tbeir  full  rated  voltage.  These 
difficulties  may  be  avoided  either  by  regulating  the  generator  by 
hand  or  by  employing  an  "  over  compound  "  dynamo  designed  to 
automatically  increase  its  voltage  by  an  amount  equal  to  the  per^ 
centage  of  drop  at  full  load. 

With  any  of  the  arrangements  represented  in  Figs.  6,  7, 8  and  (^ 
the  regulation  of  the  generator  would  be  practically  necessary, 
since  the  potential  at  the  feeding  points  is  115  volts  or  more  at 
full  load,  which  would  be  excessive  at  light  loads.   But  by  increas- 


^    .k    >     r,   ^ 


Fia  i&^Akkahoshbnt  o*  Fbedsks. 


ing  the  size  of  the  conductors  the  drop  can  be  reduced  to  a  small 
amount,  say  2  per  cent  or  less,  so  that  it  is  not  required  to  vary 
the  feeding  voltage.  This  applies  not  only  to  these  cases,  but  to 
almost  any  possible  system,  demanding,  however,  a  large  quanti^ 
of  copper. 

The  individual  conductors,  shown  in  Figs.  lO  and  11,  do  not 
involve  any  regulation  of  pressure,  the  feeding  points  being  main- 
tained constantly  at  1 1 5  volts,  and  each  group  of  lamps  always  re- 
ceiving no  volts  when  it  is  turned  on. 

Fteders. — In  almost  all  practical  systems  the  feeding  points  in- 
dicated in  the  diagrams  are  at  some  distance  from  the  generator, 
being  connected  to  it  by  conductors  which  are  called  "  feeders." 
These  are  quite  simple,  since  they  are  laid  in  as  direct  a  path  as 
possible,  and  do  not  usually  have  any  branches  or  lamps  connected 
to  them,  being  represented  by  the  feeders  AA  in  Fig.  12.  Occa- 
sionally they  arc  divided  at  the  end  like  the  feeders  BB  into  two 
or  more  branches  CC  which  lead  to  distributed  points  on  the 
mains  in  order  to  equalize  the  pressure  more  perfectly.  The  por- 
tions CCas^  commonly  called  st^fttders. 

Feeder  Regulation.  It  has  been  shown  that  it  is  generally  neces- 
sary to  regulate  the  voltage  at  the  feeding  points  to  make  up  for 
the  variaUe  drop  on  the  mains.  When  feeders  are  employed  the 
r^ulatioa  of  the  potential  at  the  generator  should  be  sufficient  to 


D.g.tizecbvGoOgle 


2SO  THE  QUARTERLY. 

compensate  for  the  drop  on  the  feeders  also.  If  there  is  only  one 
pair  of  feeders,  or  if  they  are  all  uniformly  loaded,  over-compound 
winding  on  the  dynamo  can  be  made  to  neutralize  the  total  drop. 
But  where  there  are  several  feeders  which  are  differently  loaded,  it 
becomes  necessary  to  provide  some  means  for  controlling  them 
independently. 

The  various  devices  employed  for  this  purpose  are : 
I.  Feeder  rheostats;  2.  Auxiliary  "bus  bars,"  and  3.  "Boosters." 
The  first  of  these  methods  consists  simply  in  placing  a  rheostat 
or  variable  resistance  in  series  with  each  feeder,  as  represented  in 
I^ig-  '  3>  the  current  capacity  of  the  rheostat  being  sufficient  for  the 
maximum  current  conveyed  by  the  feeder.  In  operating  such  a 
system  a  certain  amount  of  resistance  R  is  introduced  into  the  cir- 
cuit  of  feeder  A  that  is  lightly  loaded,  in  order  that  the  pressure 
which  it  supplies  to  the  mains  shall  not  be  too  high  compared 
with  that  or  the  more  heavily  loaded  feeder  B,  which  has  less  re- 
sistance inserted.  Thus  by  adjusting  the  arms  of  the  rheostats  R 
and  S,  the  voltage  at  the  ends  of  the  feeders  A  and  B  may  be  made 
equal  for  all  loads,  or  the  potential  at  the  end  B  may  be  raised  a 
little  above  that  of  A  in  order  to  make  up  for  the  greater  drop  in 
the  mains  at  /Tthan  at  F. 

The  voltage  at  the  further  ends  of  the  feeders  may  be  determined 
by  running  extra  conductors  WW,  called  "  pressure  wires,"  from 


Fio.  is—Fbbdek  REGUtATioN  BY  Resistance. 

the  generating  plant  to  the  point  at  which  the  feeder  is  connected 
to  the  mains.  The  actual  potential  is  read  directly  on  the  volt- 
meter V,  since  the  current  in  the  wires  W  W  is  so  little  that  there 
is  no  appreciable  drop  upon  them  even  when  they  are  quite  smaU. 
Another  method  consists  in  subtracting  the  drop  I R  on  the  feeders 
from  the  voltage  ^at  the  generators,  that  is,  tiie  potential  at  the 
ends  of  the  feeders  /*=»  V — I R,  in  which  /  is  the  current  and  R 
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the  resistance  of  a  given  pair  of  feeders.  For  this  purpose  an 
ampere-meter  may  be  put  in  series  with  each  pair  of  feeders,  and  it 
can  be  calibrated  to  give  the  drop  upon  them  by  simply  multiply- 
ing its  scale  numbers  by  the  total  resistance  of  the  two  feeders.  A 
still  more  perfect  device  is  the  so-called  compensated  voltmeter. 
This  has  the  ordinary  coil  which  measures  the  voltage  of  the  gen- 
erators, and  also  an  additional  coil  that  carries  a  certain  fraction 
of  the  feeder  current,  the  effect  of  the  latter  being  to  modify  the 
deflections  of  the  pointer,  so  that  it  indicates  the  pressure  at  the 
far  end  of  the  feeder. 

Auxiliary  'Bus  Bars  are  often  employed  in  stations  or  plants  of 
considerable  size  in  order  to  avoid  the  loss  of  energy  which  in- 
evitably occurs  when  "  dead "  resistance  is  used  for  regulation. 
This  method  is  represented  in  its  simplest  form  in  Fig.  14,  Cand 
D  being  two  dynamos,  one  of  which  D  is  connected  to  the  main 
bus  bar  F,  and  generates  the  ordinary  potential  required  to  supply 
the  shorter  feeders  or  those  which  are  lightly  loaded,  such  as  B. 
The  other  dynamo  C  runs  at  a  higher  voltage,  and  is  connected  to 
the  auxiliary  bus  bar  £  for  supplying  the  longer  or  more  heavily 
loaded  feeders,  represented  by  A.  The  scope  for  regulation  is 
still  further  increased  by  varying  the  pressure  at  either  or  both  of 
the  bus  bars.  This  may  be  accomplished  by  hand  or  automatic- 
ally, rheostats  in  the  shunt  field  circuits  of  the  dynamos,  com- 
pound winding,  or  other  well  known  means  for  controlling  the  E. 
M.  F.  of  dynamos  being  employed  for  the  purpose.  It  is  evident 
that  any  number  of  bus  bars  may  be  used,  being  supplied  with 
current  by  dynamos  running  at  difTerent  voltages,  and  two  or  more 


Fig.  14.— Figdbr  Regulatiok  with  Auxiuary  Bus  Bars. 

dynamos  may  be  operated  in  parallel  on  any  bus  bar,  in  accordance 
with  the  demands  for  current.  It  is  also  obvious  that  several  feed- 
era  may  be  connected  to  one  bus  bar.     Each  feeder  is  provided 
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with  switches  that  connect  it  to  any  particular  bus  bar  according 
to  the  load  upon  it. 

A  transfer  bus  bar  is  used  to  enable  a  feeder  to  be  graduajly 
shifted  from  one  bus  bar  to- another  without  the  sudden  variation 
in  potential  which  would  occur  if  it  were  thrown  over  directly  Iqr 
means  of  the  switches  mentioned  ^bove.  This  arrangement  is.  in- 
dicated in  Fig.  15, being  similar  to  that  shown  in  Fig.  14  but  hav- 
ing a  transfer  bus  bar  P  in  addition  to  the  main  and  auxiliary  bars 
F  and  E.  The  latter  is  connected  to  the  resistance  7" of  a  rheostat, 
the  movable  arm  V  of  which  is  connected  to  the  transfer  bju-  P. 
The  operation  of  shifbi^  the  feeder  B  from  the  main  bus  bar 
FXo  the  auxiliary  £  when  its  load  becomes  lai^e,  is  as  follows: 
The  feeder  B  is  connected  to  the  transfer  bar  at;  P,  the  rheo- 
stat 7  being  previously  open-circuited.  The  arm  V  is  then 
moved  clockwise  until  it  comes  in.  contact  with  the  extremity  of 
the  resistance  T.  This  connects,  the  feeder  B  with  the  auxiliary 
bar  E  through  the  whole  of  the  resistance  T  which  allows 
a  certain  current  to  flow  from  E  into  B,  the  fc^mer  having;  a 
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Flo.  15.— Fkedui  RuiULATioH  WITH  Tbanspeb  Bua  Bars. 

higher  potential  than  F,  to  which  B  still  remains  connected.  The 
resistance  /"is  then  gradually  cut  out  by  the  further  movement  of 
the  arm  V  until  the  current  supplied  from  the.  auxiliary  £  to  the 
feeder  B  is  equal  to  the  load  carried  by  the  latter,  when  the  a>n- 
nection  between  B  and  the  main  bus  bar  F  is  opened.  The  re- 
mainder of  the  resistance  T  is  tlien  cut  out,  which  directly  con- 
nects  the  feeder  B  with  the  auxiliary  bar  E,  the  transfer  having 
been  made  without  any  disturbance  of  the  system.  In  performing 
this  operation  the  amounts  of  current  are  ascertained  by  having 
an  ampere-meter  inserted  between  T  and  E  in  addition  to  the 
ampere-meter  that  should  always  be  placed  in  circuit  vith  each 
feeder.    The  difference  of  potential  between  the  feeders,  bus  bars. 
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etc.,  should  also  be  indicated  by  voltmeters.  The  necessary  in- 
struments are  assumed  to  be  present  in  every  case,  but  are  omitted 
from  the  diagrams  to  avoid  confusion,  as  they  perform  no  active 
part  in  the  operation  of  the  system,  their  only  function  being  to 
give  ihfofttiation. 

Where  two  or  more  feeders  run  to  the  same  main  and  i»e  pro- 
vided with  rheostats,  ont;  of  them  may  be  disconnected  or  trans- 
ferred from  one  bus  bar  to  another  by  first  cutting  in  all  the  re- 
sistance of  the  rheostat  in  order  to  reduce  the  current  and  then 
opening  the  switch.  The  drop  on  a  feeder  being  usually  only  a 
few  volts,  its  circuit  may  be  opened  with  practically  no  greater 
flash  than  is  produced  by  any  other  circuit  having  a  voltage  equal 
to  this  drop,  provided  the  remaining  feeders  are  sufficient  to  cany 
the  current  without  materially  increasing  the  fall  of  potential  upon 
them.  In  fact,  it  is  possible  to  regulate,  in  this  way,  the  potential 
on  a  system  of  conductors,  some  of  the  feeders  being  disconnected 
where  the  load  is  light  and  the  pressure  is  high,  thus  tending  to 
make  the  voltage  uniform. 

Feeder  Rtgulatum  by  Means  of  "Boosters  "  is  represented  in  Fig. 
16,  in  which  D  is  the  main  dynamo  generating  the  greater  part  of 
the  electrical  enei^,  and  R  and  5  are  two  small  auxiliary  dyna- 
mos called  "  boosters,"  connected  in  series  with  the  dynamo  D 
and  the  two  feeders  A  and  S  respectively.  Assuming  that  the 
main  dynamo  D  generates  a  constant  voltage,  the  variation  in 
pressure  required  to  regulate  ^e  feeders  in  accordance  with  the 
changing  loads  upon  them  is  obtained  by  controlling  the  potential 
of  the  boosters  R  and  S.  This  is  usually  accomplished  by  excit- 
ing the  field  magnets  of  each  booster  from  the  dynamo  D,  a  rheo- 
stat being  inserted  in  the  circuit.    Another  plan  is  to  provide  the 
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Fic.  16.— Feedek  Reoulatioh  by  Means  of  Boosters. 

boosters  with  series-wound  field  magnets,  in  which  case  the  voltage 
generated  by  each  increases  with  the  current  flowing  through  it. 
Wifh'field  magnets  designed  to  work  below  magnetic  saturation, 
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this  gives  an  automatic  regulation  which  is  almost  perfect,  since 
the  extra  pressure  produced  by  the  booster  may  be  made  to  ex- 
actly overcome  the  drop  on  the  corresponding  feeder  for  all  loads, 
or  it  may  be  designed  to  also  make  up  for  some  or  all  of  the  drop 
on  the  mains  and  leads.  This  method  is  quite  similar  in  principle 
to  that  of  compound-wound  dynamos,  but  it  acts  upon  the  feeders 
individually,  instead  of  upon  the  system  as  a  whole.  The  main 
dynamo  and  the  boosters  may  all  be  driven  by  one  or  more  steam 
engines  or  other  prime  mover,  or  the  boosters  may  be  operated 
by  electric  motors  supplied  with  current  from  the  main  dynamos. 
Boosters  are  sometimes  used  to  reduce  the  voltage  instead  of  rais- 
ing it,  in  which  case  the  main  dynamo  may  be  run  at  the  average 
pressure  required  by  the  feeders,  the  potential  in  those  that  are 
heavily  loaded  being  increased  and  being  depressed  in  the  lightly 
loaded  ones.  A  booster  which  lowers  the  voltage  by  generating  a 
counter  E.  M.  F.  acts  as  a  motor  and  tends  to  develop  power ;  con- 
sequently, if  it  is  coupled  with  another  booster  it  will  drive  it  as  a 
dynamo,  provided  that  the  energy  absorbed  by  the  former  is  slightly 
greater  than  that  produced  by  the  latter,  in  order  to  make  up  for 
mechanical  and  electrical  losses  in  both  machines. 

Instead  of  having  a  separate  booster  for  each  feeder,  as  indicated 
in  Fig.  i6,  two  or  more  feeders  requiring  approximately  equal 
voltages  may  be  supplied  Jrom  the  same  booster.  In  this  way  a 
large  number  of  feeders  may  be  regulated  with  only  a  few  boosters, 
which  are  run  at  different  potentials,  the  feeders  being  divided 
among  them  according  to  the  extra  pressure  required.  This  is 
practically  equivalent  to  a  system  having  several  auxiliary  bus  bars 
supplied  with  different  voltages.  In  Fig.  14,  for  example,  the 
dynamo  C  might  be  omitted  and  the  higher  voltage  required  for 
the  auxiliary  bus  bar  E  could  be  obtained  by  connecting  a  booster 
between  E  and  F.  This  is  a  more  convenient  arrangement  in 
some  cases,  particularly  in  small  plants,  since  it  would  only  be 
necessary  to  run  one  main  dynamo,  the  booster  being  driven  by 
a  motor  fed  with  current  from  the  dynamo. 

TJiree-wire  System.  The  three-wire  system  which  was  inde- 
pendently invented  by  Edison  and  Hopkinson  has  for  its  ob- 
ject the  saving  of  copper  in  distributing  conductors.  Until  quite 
recently  it  was  not  considered  practicable  to  use  incandescent  lamps 
designed  for  a  pressure  higher  than  120  volts.  This  limited 
the  potential  at  which  parallel  systems  were  operated  and  <fc- 
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manded  conductors  of  large  size  and  weight,  particularly  when 
the  current  is  transmitted  any  considerable  distance,  as  already 
shown  in  the  examples  given.  When  it  is  attempted  to  sup- 
ply incandescent  lamps  in  series,  difficulties  immediately  arise, 
due  to  the  dangers  of  high  potential,  the  interference  between 
the  lamps  and  the  imperfection  of  regulation,  all  of  which  were 
noted  under  the  head  Series  Systems.  The  principle  of  the 
three-wire  arrangement  may  be  understood  by  first  considering 
two    entirely    distinct   two-wire  circuits,   as   represented  in  Fig. 


Figs.  17  ahu  18. — Evolution  of  thb  Thbee-Wike  Systihs. 


17.  If  the  lamps  Z  and  ^happen  to  be  placed  in  the  manner 
shown,  it  is  evident  that  they  may  be  connected  in  series  of 
two  each,  as  illustrated  in  Fig.  18,  in  which  case  the  inter- 
mediate wires/ and  .A'become  superfluous  and  are  omitted.  But 
when  one  of  the  lamps  is  turned  off  or  burned  out,  its  companion 
will  also  go  out,  hence  a  third  wire,  indicated  in  Fig.  19  by  a  line 


Figs.  19  and  ao.— Thkbb-Wiue  SysTBu, 

marked  O,  is  extended  from  the  junction  between  the  two  dynamos 
C  and  D,  in  order  to  avoid  this  difficulty.  This  allows  any  num- 
ber of  the  lamps  to  be  disconnected  without  putting  out  those 
which  remain.  The  extra  conductor  is  called  the  neutral  ivirt,  and 
is  usually  marked  (?  or  ±,  the  latter  symbol  representing  the  fact 
that  it  is  positive  with  respect  to  one  conductor  and  negative  with 
respect  to  the  other.  The  neutral  wire  carries  no  current  if  the 
system  is  exactly  "  JMlanced"  (Fig.  19),  but  when  the  amounts  of  " 
current  on  the  two  sides  of  the  system  are  not  the  same  it  supplies 
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the  difference,  whatever  it  may  be,  as  represented  by  arrows  and 
numbers  in  Figs.  20  and  21,  each  lamp  being  assumed  to  take  one 
ampere.  It  should  be  observed  that  the  flow  of  current  may  be 
opposite  in  direction  in  diflerent  parts  of  the  neutral  wire  (Fig.  so). 
Another  peculiar  condition  in  three-wire  circuits  is  the  fact  titat 
the  potential  at  certain  lamps  may  actually  be  higher  than  that  of 
the  dynamo  on  the  same  side  of  the  system.    This  is  demonstrated 


Ficn.  ai  AMD  11.— Threk-Wikb  Svstui. 


in  the  potential  diagram  (Fig.  22),  corresponding  to  the  arrai^e- 
ment  of  lamps  shown  in  Fig.  21.  Assuming  the  resistance  of  each 
of  the  three  wires  to  be  i  ohm,  the  drop  on  the  +  conductor  be- 
tween R  and  M  will  be  4  volts  with  a  current  of  4  amperes.  The 
drop  between  A'' and  S  on  the  neutral  wire  will  be  3  volts,  since  3 
amperes  flow  back  through  it.  With  a  potential  of  1 17  volts  at 
each  dynamo,  this  gives  1 10  volts  for  the  ^mps  between  Jfand  N. 
The  drop  on  the  —  wire  between  P  and  T  is  I  volt,  hence  the 
potential  of  the  point  /*  is  l  volt  above  that  of  T,  but  as  ^  is  3 
volts  higher  in  potential  than  S,  it  follows  that  the  pressure  be- 
tween N  and  P  is  2  volts  greater  than  that  delivered  at  5  and  7 
by  the  dynamo  I>.  Therefore,  the  lamps  a.t  M  N  receive  7  volts 
less  pressure  and  the  lamp  at  A''/*  is  supplied  with  2  volts  more 
pressure  than  the  potential  difference  at  each  dynamo. 

Advantages  and  Disadvantages  of  the  Three-  Wire  System.  The 
sole^erit  of  this  arrangement  is  the  fact  that  it  saves  copper,  the 
amount  of  this  saving  being  determined  as  follows : 

The  circuit  represented  in  Fig.  18  has  two  wires,  while  tiiose  in 
Fig,  17  employ  four,  hence  the  former  requires  one  half  as  much 
-copper  as  the  latter,  assuming  the  size  of  the  wires  to  be  the  same. 
Furthermore,  the  percentage  of  drop  in  Ftg.  iS  will  only  be  one 
half  as  great  as  that  in  Fig.  17,  the  explanation  of  this  fact  being 
given  in  Figs.  23  and  24,  which  show  the  distribution  of  potential 
in  the  two  cases.  In  the  two-wire  circuits  (Figs.  17  and  23)  there 
will  be  a  drop  of  four  volts  on  each  wire,  assuming  four  amperes  of 
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current  and  one  ohm  of  resistance  for  each,  and  the  lamps  will  re- 
ceive lo6  volts  with  a  pressure  of  1 14  voits  at  the  dynamos,  the 
drop  being  -j-J^,  or  7  per  cent. 

The  lamps  on  the  three-wire  circuits  (Figs.  18  and  24)  receive 
1 10  volts  with  the  same  initial  potential,  i.  e.,  1 14  volts,  the  drop 
being  only  -^  or  3.5  per  cent.,  or  one  half  as  much  as  in  the 
previous  case.  It  follows,  therefore,  if  the  wires  in  Fig.  18  have 
one  half  the  cross  section  of  those  in  Fig.  17,  that  the  percentage 
of  drop  will  be  the  same  for  both.  Consequently  Fig.  18  requires 
one  half  as  many  conductors  of  one  half  the  size,  or  only  one 
quarter  as  much  copper  as  Fig.  17  for  the  same  drop.  If  now  the 
neutral  conductor  in  the  three-wire  system  (Fig.  ig)  be  made  the 
same  size  as  each  of  the  outside  wires,  the  weight  of  the  copper 
will  be  J^  +  ^  =  ^  as  much  as  in  the  two-wire  circuits  (Fig.  17), 
supplying  the  same  number  of  lights  at  the  same  distance  with 
equal  drop.  Since  the  neutral  wire  usually  carries  only  a  small 
current,  it  is  often  made  one  half  as  large  as  either  of  the  outside 
conductors,  in  which  case  the  weight  of  copper  becomes  ^^  that 
demanded  by  the  two-wire  system. 

The  great  saving  in  copper,  amounting  ordinarily  to  ^  or  62  5 
per  cent,  is  considered  of  such  paramount  importance  that  the 
three-wire  system  is  usually  adopted  in  electric  lighting  for  low- 
tension  distribution  wherever  the  distances  are  considerable.  In 
the  case  of  low  tension  central  stations  this  custom  is  very  general, 
and  even  for  large  isolated  plants  the  three-wire  system  is  often 


Figs.  33  and  24 Advantage  of  the  Thrse'Wire  System. 

selected.  It  is  also  employed  for  the  secondary  wiring  in  alter- 
nating current  distribution  with  transformers.  The  object  ia  all 
cases  is  to  save  copper,  which  constitutes  such  a  large  item  in  the 
cost  of  nearly  all  electrical  installations. 

To  offset  this  advantage,  however,  the  three-wire  system  has  the 
following  disadvantages : 
voi_  xvnt.— 18. 
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1.  It  is  usually  necessary  to  operate  at  least  two  dynamos  or 
other  sources  of  current. 

2.  It  is  necessary  to  lay  and  to  take  care  of  three  wires  instead 
of  two. 

3.  The  switches,  cut-outs,  measuring  instruments,  etc.,  are  also 
more  complicated. 

4.  The  saving  of  copper  stated  assumes  that  the  neutral  wire 
carries  no  current. 

But  if  all  the  lamps  happen  to  be  in  use  on  one  side  of  the  sys- 
tem only,  the  copper  should  be  the  same  as  for  a  two-wire  circuit. 
Even  though  the  system  be  carefully  kept  balanced  so  that  the 
current  in  the  neutral  conductor  is  only  10  per  cent,  of  the  total, 
the  saving  of  copper  would  be  reduced  from  62.5  to  about  50  per 
cent,  for  the  same  actual  percentage  of  drop. 

5.  The  variation  in  potential  is  aggravated  by  the  increase  that 
sometimes  takes  place  (Fig.  23),  which  is  impossible  on  a  two-wire 
circuit. 

When  all  these  objections  are  considered  it  is  somewhat  doubt- 
ful if  the  reduction  in  the  weight  of  copper  makes  up  for  them  in 
some  cases  where  the  three-wire  system  is  adopted.  There  is  a 
strong  tendency  on  the  part  of  the  purchaser,  consulting  engineer 
and  contractor  to  give  too  great  weight  to  the  matter  of  first  cost 
and  too  little  heed  to  questions  of  convenience,  labor  involved, 
liability  of  accidents  and  many  other  factors  that  make  up  running 
expense.  The  three-wire  system  is  unquestionably  more  compli- 
cated and  difficult  to  install  or  operate,  and  it  should  not  be  sel- 
ected unless  the  saving  that  it  secures  is  surely  sufficient  to  pay 
for  these  disadvantages.  For  low-tension  distribution  to  distances 
of  a  mile  it  is  practically  necessary  to  employ  it,  but  for  isolated 
plants,  where  the  length  of  wires  is  only  a  few  hundred  feet,  its 
superiority  is  by  no  means  certain,  in  spite  of  the  very  powerful 
argument  which  may  be  based  upon  the  saving  of  copper. 

The  recent  improvements  in  and  applications  of  220-volt  incan- 
descent lamps  renders  the  three-wire  system  considerably  less  im- 
portant than  formerly,  since  it  enables  a  two-wire  circuit  to  be 
operated  at  220  volts,  the  copper  required  being  only  two-thirds 
as  much  as  for  the  ordinary  three-wire  system.  To  be  sure,  the 
latter  can  now  be  run  at  440  volts,  giving  it  the  same  relative  ad- 
vantage as  before,  but  it  is  doubtful  if  such  a  high  voltage  is  de- 
sirable for  general  use. 
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EXPLORATIONS  IN  THE  GOLD  FIELDS  OF  WESTERN 
COLOMBIA. 

By  F.  C.  NICHOLAS. 
(Re&d  before  Ihe  New  York  Academy  of  Sciences.  Febnnry  15,  1897.) 

The  auriferous  gravels  of  Colombia  are  noticeably  prominent 
on  the  western  slopes  and  foothills  of  the  Andes  Mountains.  In 
the  interior  parts  of  these  mountains  there  are  veins  with  quartz 
gangue  and  large  deposits  of  auriferous  pyrites;  these  seem  of 
ordinary  formation,  but  the  gold-bearing  sands  and  gravels  of  the 
lowlands  present  many  peculiarities  and  at  numerous  points  are 
illustrative  of  those  conditions  of  difference  between  certain  of  the 
tropical  auriferous  gravels  and  those  in  countries  where  rain  and 
flood  do  not  exert  so  marked  an  influence.  Along  the  western 
base  of  the  Andes  Mountains  gold  is  found  in  gravel  banks,  in 
deposits  of  sand,  in  argillaceous  alluvium  and  in  all  the  rivers. 
In  two  instances  I  noted  it  in  pebbles  of  a  hard  feldspar  porphyry. 
The  gold  in  each  case  was  well  defined,  and  could  be  distinctly 
seen  in  the  rock  mass  just  beside  one  of  the  light-colored  inclos- 
ures.  The  pebbles  were  found  on  the  same  watershed  but  in  dif- 
ferent streams  and  a  long  distance  apart. 

Samples  of  gold  washed  in  this  country  are  at  times  so  astonish- 
ing that  the  most  extravagant  claims  have  been  made  for  its  pros- 
pective output,  I  noted  the  following  instances:  Near  Quibdo  a 
prospecting  party  secured  twelve  pounds  of  gold  from  two  or  three 
yards  of  a  mixed  gravel  and  alluvial  deposit.  The  outlook  seemed 
promising  and  an  extensive  claim  was  located.  The  gold  had  been 
found  in  a  low  part  of  the  valley  and  all  the  ground  appeared  sim- 
ilar to  the  spot  where  it  was  taken.  The  owners  were  enthusiastic 
and  employed  the  twelve  pounds  of  gold  in  opening  up  the  prop- 
erty and,  though  they  searched  with  great  care,  no  more  was  found, 
not  even  a  pennyweight. 

A  merchant  at  Quibdo,  who  has  a  comfortable  fortune,  claims 
to  have  taken  nearly  the  whole  Of  it  from  one  spot  where  he  dug 
down  in  a  soft  bed  rock  and  secured  rich  returns. 

As  I  was  traveling  through  the  country,  my  guides  took  me  to 
a  small  brook  that  had  cut  deep  in  the  bed  rock  and  assured  me 
that  about  |io,000  were  taken  from  it  in  a  few  days. 
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My  investigations  in  this  country  lead  me  to  believe  that  these 
statements  are  correct,  but  that  the  general  deposits  of  gold  are  not 
one-tenth  part  of  what  might  be  expected  from  such  rich  returns. 

The  formation,  beginning  from  the  Gulf  of  Darien  and  thence 
southward  up  the  Atrato  River,  is  a  long  stretch  of  swamps  and 
alluvium  to  Quibdo ;  at  this  point  low  gravel  beds,  carrying  gold, 
are  found,  and  further  on,  near  Lloro  the  bed  rock  is  first  seen.  It 
rises  abruptly  from  the  river  and  stands  in  a  precipitous  blufT,  it^ 
upper  outline  being  a  gentle  anticline  and  the  total  elevation  ap- 
pearing to  be  80  to  100  feet.  Opposite  this  cHflf  there  is  a  broad 
flat  covered  with  gravel  left  by  the  river  as  it  gradually  encroached 
on  the  cliff  and  cut  its  way  to  new  channels.  Such  flats  are  numer- 
ous and  must  be  very  rich  in  gold,  but  as  the  bed  rock  is  well  be- 
low the  water-line  they  are  not  available,  excepting  for  a  pumping 
proposition. 

The  bed  rock  is  very  soft  and  appears  to  be  an  extensive  aque- 
ous deposit  of  eroded  volcanic  material  mingled  with  sand  and 
alluvium.  It  is  very  soft  at  places  and  a  knife  can  be  thrust  in  it 
several  inches.  The  whole  country  along  the  western  base  of  the 
Andes  appears  to  be  underlain  by  this  formation.  At  Lloro,  well 
defined  strata  of  gravel  are  found  in  the  bed  rock,  these  are  con- 
formable to  its  general  bedding  and  mark  distinct  lines  extend- 
ing for  long  distances.  The  pebbles  are  rather  small  as  an  average; 
they  are  of  slates,  quartzites,  porphyries,  trappean  rocks,  etc.,  and 
arc  well  water  worn.  The  cementing  material  is  the  gray  sediment 
and  alluvium  of  the  general  formation.  I  examined  these  cemented 
beds  of  gravel  for  gold,  but  did  not  find  any. 

To  the  south  these  gravel  strata  appear  to  deepen  continuously. 
At  Lloro  on  the  Atrato  River  they  are  a  few  inches  thick;  on  the 
San  Juan  River  they  have  increased  to  several  feet  and  at  Buena- 
ventura the  finer  sediments  have  disappeared  almost  entirely  and 
all  the  cliffs  are  a  mass  of  cemented  gravel  somewhat  larger  but  in 
appearance  identical  with  the  narrow  strata  on  the  Atrato  River 
far  away  northward. 

This  might  be  taken  for  the  remains  of  an  ancient  drainage  sys- 
tem of  great  proportions  flowing  toward  the  north  ;  the  lines  of 
sediment  along  the  cliffs  indicating  heavier  material  deposited  back 
of  Buenaventura  gradually  diminishing  to  lighter  sediments  along 
the  Atrato,  and  finally  alluviums  along  the  same  river  further  north. 
Such  a  drainage  system  could  not  have  existed  unless  a  great 
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stretch  of  land  had  formerly  extended  out  into  the  Pacific  Ocean. 
It  is  more  probable  that  these  gravel  cliffs  and  sediments  mark  a 
stage  somewhat  similar  to  the  terrace  formations  of  the  Atlantic 
States  but  probably  formed  at  an  earlier  period  and  indicating  the 
gradual  recession  of  the  waters  of  the  Pacific. 

At  Buenaventura  they  are  well  mixed  and  common  to  all  the  for- 
mation because  they  here  encountered  the  full  force  of  the  ocean  ; 
'urther  to  the  north  they  were  partly  protected  by  embayments, 
and  strata  of  sediment  and  gravel  gradually  resulted.  Crossing 
the  Atrato  and  its  afHuents  the  appearances  are  that  the  gulf  of 
Darien  had  formerly  extended  a  great  distance  up  what  is  now  the 
valley  of  the  Atrato,  Here  the  waters  were  more  quiet  and  finer 
sediments  and  narrowstrataof  pebbles  might  naturally  be  expected. 

The  material  is  a  volcanic  sediment  because  of  the  abundance  of 
volcanic  material  from  the  Andes  Mountains.  The  deposit  is 
evidently  very  deep.  At  one  place  I  took  aneroid  readings  that 
indicated  a  cliff  260  feet  high  all  of  the  same  sediment  and  of  uni- 
form appearance. 

The  San  Juan  River  flowing  south  and  the  Atrato  River  just  over 
a  low  divide  ilowing  north  have  made  deep  excavations  since  the 
uplift  of  this  formation  and  the  exposed  strata  appear  to  be  con- 
tinuous from  one  to  the  other.  At  the  time  these  sediments  were 
deposited  there  was  probably  some  connection  between  them,  as 
indicated  by  sediments  at  points  on  the  divide,  but  on  each  side  of 
it  aseparatedepositwas  formed  under  similar  conditions  and  to-day 
the  coincidence  of  different  rivers  eroding  in  one  north  and  south 
line  causes  a  marked  resemblance  to  an  ancient  drainage  sys> 
tem  toward  the  north. 

It  is  quite  evident  from  the  general  outline  that  the  present  em- 
bayments were  much  more  extensive  even  in.recent  times  and  this 
gives  the  clue  to  the  formation  of  the  different  strata  of  gravel  and 
fine  sediment. 

In  all  this  sedimentary  formation  there  is  nothing  to  indicate 
gold  and  how  it  came  to  find  a  place  in  this  district  is  a  difficult 
question.  I  could  not  find  any  in  the  soft  bed  rock  nor  in  the 
cemented  gravels,  yet  it  is  abundant  in  all  the  rivers.  Overlying 
the  bed  rock  and  covering  an  extensive  district  there  is  a  shallow 
deposit  of  gold  bearing  gravel  more  angular  than  that  in  the  bed 
rock  strata.  This  gravel  is  mixed  with  clay  and  alluvium  and  con- 
tains the  remarkable  concentrations  that  have  been  noted. 
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Overlying  this  superficial  gravel  there  are  remnaats  of  extenave 
clay  deposits  found  in  the  steep  eroded  ridges  at  some  places  and 
entirely  wanting  at  others.  Angular  gravel  is  found  in  this  clay, 
pebbles  of  dark  colored  siliceous  slates  predominating,  and  at 
widely  separated  points  I  took  samples  of  gold,  though  not  enough 
to  indicate  profitable  placer  ground. 

I  found  gold  in  this  region  under  three  conditions :  (i)  in  all 
the  rivers  where  it  is  well  water  worn ;  (2)  in  the  shallow  super- 
ficial gravels  overlying  the  bed  rock  where  it  is  rather  angular ;  (3) 
in  the  clay  and  alluvium  lying  on  the  superficial  gravels  but  only 
in  very  limited  amounts.  The  gold  from  this  deposit  is  sharply 
angular.  Aneroid  readings  indicate  about  90  feet  of  this  clay. 
The  gravels  underlying  the  clay  indicate  that  it  is  sedimentary, 
the  angular  gravels  inclosed  in  it  indicate  brief  periods  of  irregular 
sedimentation  during  which  gold  could  have  been  brought  down 
and  deposited  with  other  material. 

The  upper  stratification  of  this  region  is:  (l)  the  clay  deposits 
overlying;  (2)  the  superficial  gravels,  and  (3)  a  deep  sedimentary 
deposit  of  alluvium  and  volcanic  material  with  gravel  strata,  all 
lightly  cemented  tc^ether.  In  the  valley  of  the  San  Juan  River 
there  is  a  group  of  small  peaks  composed  of  some  light-colored 
intrusive  rock,  rising  abruptly  from  low  alluvium  gravel  beds  and 
swamps  which  were  evidently  formed  around  them.  Some  of  the 
mountains  east  of  the  low  divide  also  rise  abruptly,  and  at  one 
point  apparently  reach  900  feet  elevation  and  are  capped  by  what 
appears  to  be  limestone. 

To  the  east,  as  one  approaches  the  Andes,  the  sedimentary  rock 
is  gradually  lost  among  intrusive  formations.  These  are  of  varied 
texture  and  appear  like  plagioclase  rocks,  melaphyres  and  syenites 
that  are  at  times  decomposed  to  such  an  extent  that  they  can  be 
dug  out  with  the  fingers,  yet  still  maintaining  the  appearance  of 
the  original  rock.  Near  these  intrusions  the  bed  rock  becomes 
tilted  and  appears  to  be  slightly  metamorphosed,  at  some  points 
indicating  intrusions  after  it  had  been  formed. 

So  far  as  I  could  ascertain,  these  intrusions  are  entirely  barren 
of  gold,  and  the  numerous  prospecting  parties  that  have  searched 
all  through  the  most  westerly  undulations  of  the  Andes,  have  been 
entirely  unsuccessful. 

Above  the  headwaters  of  the  San  Juan  River  there  is  a  great 
intrusive  mass,  a  mountain  called  the  Tacamaca;  it  has  a  most 
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picturesque  outline  and  appears  almost  barren  of  vegetation.  It 
presents  only  rugged  rocks  rising  four  or  five  thousand  feet  above 
the  foothills.  It  has  never  been  explored  and  probably  never  can 
be.  There  are  strong  reasons  for  believing  that  similar  but  less, 
ioaportant  intrusions  extend  irregularly  all  along  the  western  base 
of  the  Colombian  Andes  and  that  much  of  the  country  below 
them  was  elevated  at  their  intrusion.  These  outlying  mountains 
appear  to  be  barren  of  gold,  though  auriferous  gravels  are  found 
oa  or  about  them  and  nuggets  have  been  taken  at  places  near  their 
summits,  and  these  must  have  been  deposited  before  the  ridges  on 
which  they  were  found  were  intruded. 

Tlie  periods  of  formation  in  this  region  are  rather  obscure,  the 
volcanic  sediments  with  alluvium  in  the  bed  rock  mark  the  ero- 
sions subsequent  to  a  long  period  of  volcanic  activity  in  the  Andes. 
The  overlying  gravels  mark  a  second  series  of  deposits,  indicating 
from  the  absence  ol  volcanic  material  a  different  and  less  extended 
place  of  origin.  The  presence  of  gold  in  this  gravel  suggests  that 
the  rich  deposits  of  the  Andes  had  been  formed  and  were  being 
eroded.  While  this  was  taking  place  seismic  action  and  resulting 
irregularities  of  surface  probably  occurred,  and  in  the  lower  eleva- 
tions or  in  places  of  subsidence  sedimentary  clays  and  some  gravel 
and  gold  could  have  collected.  Then  came  the  upheaval  of  the 
Tacamaca  and  other  intrusions  along  the  base  of  the  Andes  which 
have  cut  off  the  lowlands  from  the  gold-bearing  regions  of  the 
interior. 

It  has  been  generally  reported  that  gold  is  brought  down  annu- 
ally from  the  Andes  Mountains  to  the  lowlands  of  western  Co- 
lombia. This  is  correct  in  some  instances  and  formerly  it  must 
have  been  the  case,  but  in  later  days  intrusions  have  been  inter- 
posed between  the  gold  mines  of  the  interior  and  the  auriferous 
gravels  of  the  lowlands  to  the  west. 

To  illustrate  this  condition  I  have  in  mind  the  river  or  low 
gravels  of  California,  if  ridges  had  been  intruded  along  the  western 
base  of  the  Sierra  Nevada  Mountains ;  in  recent  times  the  aurifer- 
ous  gravels  would  have  been  elevated  and,  though  the  intrusive 
ridges  would  probably  have  been  barren  of  gold,  auriferous  sands 
and  gravels  would  have  been  found  among  them,  perhaps,  near 
therr  summits,  This  is  what  happened  below  the  Andes  in  Co- 
lombia and  prospecting  parties  looking  for  the  original  formations 
from  which  the  gold  in  the  lowlands  has  come,  would  do  well  to 
go  further  back  among  the  mountains. 
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The  gold  in  the  lowlands  has  been  concentrated  in  the  most 
convenient  places,  and  this  has  given  rise  tc  ^ooie  erroneous  im- 
pressions as  to  the  richness  and  extent  of  auriferous  gravels  in  this, 
and  similarly  in  other  tropical  gold  deposits.  Rich  placers  worthy 
of  attention  are  to  be  found  in  many  parts  of  tropical  America, 
but  if  the  extravagant  reports  and  calculations  that  have  been 
made  as  to  the  probable  yield  were  correct,  gold  would  become  as 
abundant  and  unstable  in  value  as  silver.  The  reasons  why  gold 
is  concentrated  locally  are  excessive  floods  and  heavy  rains  which 
cause  secondary  local  movements  in  a  deposit  of  gravel  without 
particularly  changing  its  appearance.  A  flood  may  bring  down  an 
extensive  bar  of  gravel  carrying  gold.  The  rains  after  the  flood 
has  subsided,  are  sufficiently  heavy  to  cause  small  erosions  and 
sorting  of  material  quite  different  from  tha,t  which  takes  place  under 
continuous  action  in  an  ordinaryriver  and  resembles  somewhatthe 
action  of  the  waves  on  the  beach  sands  of  the  Pacific,  which  cause 
secondary  concentrations  of  gold.  Gravel  may  be  brought  down 
by  successive  floods  and  sorted  by  intermediate  rains  and  a  re- 
markably rich  zone  in  the  gravel  .results  or  one  side  of  an  exten- 
sive gravel  bank  may  be  noticeably  productive. 

It  is  a  common  mistake  to  overlook  this  sorting  action  of  the 
intense  rainy  season  and  to  suppose  that  the  rich  spots  are  a  sam- 
ple of  what  might  reasonably  be  expected  to  continue  all  through 
the  gravel  deposit,  yet  the  zone  in  which  the  gold  is  found  may  be 
almost  barren  a  short  distance  further  on. 

I  do  not  state  that  there  is  any  less  gold  in  South  America,  but 
I  do  say  that  where  gravel  deposits  have  been  subjected  to  the 
heavy  raios  of  that  country  either  in  the  present  or  in  more  remote 
times,  the  gold  has  to  an  unusual  extent  been  concentrated  in  de- 
pressions or  along  zones  of  drainage  and  that  a  more  extended 
prospecting  is  required  before  a  reasonable  estimate  can  be  made 
as  to  the  value  of  such  deposits,  and,  further,  that  in  order  to  make 
prospecting  successful  the  drainage  zones  must  be  traced  out  and 
samples  taken  from  a  line  that  will  cut  across  such  zones  or  con- 
centrations and  extend  a  considerable  distance  either  side  of  them. 
This  argument  applies  also  to  the  rivers,  where  excessive  changes 
with  the  seasons  from  flood  and  torrent  to  quiet,  and,  at  times, 
almost  stagnant  water,  have  brought  the  gold  under  varying  condi- 
tions down  to  the  deeper  places.  Some  of  these  places  are 
fabulously   rich,  but  the  reports  claiming  that  whole  rivers  are 
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similarly  endowed  on  all  their  bars  and  gravel  beds  are  miscalcu- 
lations. The  gold  fields  of  tropical  America  are  attractive,  but  if 
nuggets  are  found  on  outlying  ridges,  it  would  be  well  before  spend- 
ing much  time  and  money  looking  for  the  veins,  to  examine  care- 
fully in  order  to  learn  if  such  ridges  had  not  been  intruded  after 
the  gold  had  been  deposited,  and  if  rich  placers  are  found,  it  would 
be  safe  to  prospect  them  carefully,  before  setting  up  expensive 
plants,  and  make  sure  that  such  apparently  enormous  deposits  of 
gold  are  not  secondary  concentrations  in  convenient  local  depres- 
sions or  along  zones  of  drainage,  because  the  well-known  tendency 
of  gold  to  form  concentrations  under  aqueous  influence  has  mani- 
fested itself  to  such  an  extent  and  under  such  varying  conditions 
in  tropical  America,  that  auriferous  gravels  in  that  part  of  the 
world  arc  frequently  very  deceptive. 

I  have  spoken  of  a  low  divide  between  the  waters  of  the  Atrato 
River  flowing  north  and  those  of  the  San  Juan  River  flowing 
south.  Here  a  very  nearly  continuous  connection  between  the 
two  oceans  has  been  formed.  The  route  is  up  the  Atrato  River 
to  the  Quito  River,  up  the  Quito  River  to  the  divide,  where  in 
very  wet  weather  a  canoe  can  be  forced  across  a  series  of  swampy 
places,  without  unloading  it,  to  the  San  Pablo  River,  thence  down 
the  San  Pablo  to  the  San  Juan  and  out  to  the  Pacific. 

The  rocks  are  so  soft  in  this  district  that  the  divide  is  probably 
the  result  of  erosion  to  a  very  considerable  extent,  though  the 
general  outline  and  the  sedimentary  rocks  indicate  that  in  this 
district  the  continents  of  North  and  South  America  were  once 
separated. 

I  have  crossed  and  re-crossed  the  Isthmus  and  Central  America 
a  number  of  times,  but  have  never  found  sediments  at  any  other 
point  that  appeared  at  all  continuous.  As  to  the  period  in  which 
this  strait  was  filled  up,  I  should  say,  judging  from  the  deep  ero- 
sion and  the  intrusive  ridges,  that  it  was  in  early  Tertiary  times  and 
that  seismic  action  has  probably  caused  the  subsidences. 

The  problem  is  complicated,  but  this  much  can  be  stated : 
There  are  sedimentary  formations  beginning  below  the  Gulf  of 
Darien,  which,  though  eroded  and  much  disturbed  at  places,  are, 
under  varying  conditions,  continuous  to  and  across  a  low  divide, 
which  separates  the  affluents  of  the  Atrato  flowing  north  to  the 
Gulf  of  Darien  from  those  of  the  San  Juan  River  flowing  south  to 
the  Pacific  Ocean. 
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AN  INTRODUCTION  TO  THE  STUDY  AND   EXPERI- 
MENTAL DETERMINATION  OF  THE  CHAR- 
ACTERS OF  CRYSTALS. 

By  ALFRED  J.  MOSES,  Ph.D. 
I.    THE  GEOMETRICAL  CHARACTERS. 

It  is  a  general  property  of  definite  chemical  substances  to  as- 
sume at  solidification  regular  forms  bounded  by  planes  and  obser- 
vation has  proved  that  the  forms  which  occur  are  related  to  each 
other  and  characteristic  of  the  substance. 

The  geometric  study  of  crystals  has  for  its  purpose  the  group- 
ing of  crystals  into  series,  each  of  which  shall  consist  of  the  forms 
in  which  one  substance  can  appear ;  the  determination  of  the  angles 
between  the  faces  of  crystals,  and  from  these  the  elements  and  sym- 
bols of  the  faces,  or  conversely  the  determination  of  the  form  and 
angles  from  the  elements  and  the  face  symbols. 

The  term  crystal  originally  meant  the  angular  forms  of  the  sub- 
stance called  rock  crystal.  Figs,  i  and  2,  which,  according  to 
Pliny,*  was  only  "water  frozen  by  the  most  excessive  cold  and 
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found  only  in  places  where  snow  is  changed  into  ice."     The  an- 
gular shapes  of  this  substance  and  of  garnet,f  beryl  and  possibly 
diamond,  were  known  to  the  ancients,  but  were  regarded  as  acci- 
,  dents  and  no  general  property  was  suspected. 


*  (Juoted  by  Rome  DelUU,  Essai  de  CrvsiallograpkU  ( 177a),  p.  3. 

f  "  There  is  also  an  incombustible  itone  found  about  Miletum  which  is  of  an  angu- 
lar shape,  and  somelimes  regularly  hexangalar  ;  Ihcy  call  this  also  a  carbuncle."  Thf. 
ophraitus's  Nitlevy  ef  Stenn.    Trans,  by  Sir  Jobn  Hill,  p.  77. 
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In  1568  Wentzel  Jamitzer  *  a  Nurembui^  goldsmith,  devel- 
oped in  perspective  over  one  hundred  and  fort/  simple  and 
complex  shapes  from  the  geometric  tetrahedron,  octahedron, 
cube,  dodecahedron  and  icosahedron  by  replacing  all  similar  edges 
and  angles  by  one  or  more  planes,  and  the  famous  astronomer 
Kepler,  in  1619,  developed  a  similar  series  of  figures.  Many  of 
these  shapes  correspond  to  crystals,  and  the  method  of  modifica- 
tion may  have  suggested  to  Rome  Delisle  the  method  used  by 
him  more  than  a  century  later. 

The  development  of  chemistry  from  alchemy  was  accompanied 
by  the  study  of  many  salts,  the  solutions  of  which,  on  evaporation, 
yielded  regular  and  constant  shapes  which  were  suspected  to  be  to 
some  extent  at  least  characteristic  of  the  salt,  for  LtBAvius,t  in 
1597,  stated  that  the  nature  of  the  saline  components  of  a  mineral 
water  could  be  ascertained  by  an  examination  of  the  crystalline 
form  of  the  salts  led  on  the  evaporation  of  the  water. 

In  1669  Nicolas  Steno,:^  a  Danish  anatomist,  announced  that  if 
different  specimens  of  rock  crystal  were  examined,  it  would  be 


Fig.  3. 
found  that  in  spite  of  the  variation  in  the  relative  size  of  the  faces 
and  in  the  shape  of  the  crystal  there  was  «o  variatioH  in  the  angles 
between  the  faces.  This  he  illustrated  by  figures  of  sections  at  right- 
angles  to  prism  edge  and  others  of  sections  at  right  angles  to  an 
edge  between  a  prismatic  and  a  pyramidal  face,  as  shown  in  Fig.  3. 

•Peispecti»a  Corporum  Regulanini,  Qnoted  in  Marx's  Gtsihichtt  dir  Krystatkunde. 

fRoscoe  &  Schorle miner's  Triatisi  en  Ckimistry,  \.  705. 
,   {I^  tolido  intra  nolidum  naturaliter  conlento  dissertationis  prodromua.     FlorentJK, 
1669:  English  tninslBlion,  London,  167 1. 
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A  statement  showing  a  very  considerable  advance  from  this 
was  made  by  Dominico  Guubluini  in  1704,  who  asserted  that 
every  salt  had  its  peculiar  shape  which  never  changed  and  that 
even  in  imperfect  and  broken  crystals  the  angles  were  constant. 

TORBERN  Bergman*  records  that  his  pupil  Gahn  having  broken 
a  piece  of  Dogtooth  Spar  observed  that  it  divided  into  little  rhom- 
bohedra.  In  studying  this,  Bergman  found  that  by  laying  togethei 
these  rhombohedra  in  certain  ways  he  could  build  up  either  a  hexa- 
gonal prism  terminated  by  this  form  or  the  common  scalenohedron 
of  calcite,  or  a  form  like  the  rhombic  dodecahedron,  all  of  which 
are  shown  in  Fig.  4. 

From  this  he  deduced  that  there  was  a  relation  be- 
tween outer  form  and  inner  structure  and  that  the  con- 
stituent parts  of  all  crystals  could  be  referred  to  a  very 
small  number  of  primitive  forms  which  could  be  found 
by  breaking  the  crystals. 

In  the  preparation  of  models  of  crystal  forms  RoMfe 
Delisle,  about  1783,  measuredf  the  interfacial  angles 
directly  with  an  application  goniometer  devised  by 
Carangeot  for  this  purpose.     He  described  over  four 
hundred  crystal  forms  and  formulated  the  now  univer- 
sally accepted  law  of  constancy  of  interfacial  angles 
Fig.  4.        j,g  follows  ij  "In  spite  of  the  numberless  variations  of 
which  tilt  primitive  form  of  a  salt  or  a  crystal  is  capable,  one  ihing 
never  vat ies,  but  is  always  constaiit  in  each  species,  namely :   The  angU 
of  incidence  or  the  respective  inclination  of  the  faces  to  each  other." 

The  law  of  symmetry  may  also  be  said  to  be  based  on  a  law  of 
Delisle.     "  Every  face  has  a  similar  face  parallel  to  it." 

Delisle  also  developed  Bergman's  idea  of  primitive  form  and  by 
a  method  similar  to  that  of  Jamitzer  derived  a  series  of  secondary 
forms  from  each  primitive  by  replacing  the  edges  or  angles  of  the 
primitive  form  by  single  planes  or  groups  of  planes  in  such  a  way 
that  equivalent  geometric  parts  were  similarly  treated.  He  re- 
ferred all  forms  to  six  classes  of  primitive  form :  TIte  regtilar  tet- 
*  Dt  Formis  Cryitallarum  cited  id  von  Kobell's  C esckicktt /ler  MtHtralogU. — 
p.  Si. 

f  The  few  measuremeals  of  cryslaU  which  had  thus  far  been  made  were  meuure- 
menu  of  plane  angles  onl;,  whkb  varied  with  diFferences  in  developmeDt  so  Ibtl  the 
interfacial  angles  calculaled  from  theni  were  often  iaeorrect. 

t  Crista! lographie,  ou  description  dec  formes  proprei  H  tous  Ies  corps  du  r^gne 
mineral.     Pans,  1783.    p.  70. 
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lakedon.  Fig.  5,  and  the  cube.  Fig.  6,  which  permit  of  no  varieties, 
and  the  rectangular  octahedron.  Figs.  7.  8,  g  ;  the  rhomboidal paral- 
Ulopipedon  Figs.  10,  II,  12  ;  the  rhomboidal  octahedron  Figs,  13,  14, 
15,  and  the  dodecahedron  with  triangular  faces.  Fig,  16,  all  of  which 
\vere  susceptible  of  many  varietions  according  to  their  angles. 


As  an  example  of  the  method  of  derivation  there  could  be  de- 
rived  from  the  cube,  Fig.  17,  Fig.  18  by  truncating  each  edge. 
Fig.  19  by  bevelling  each  edge,  Fig.  20  by  truncating  each  solid 
angle,  Fig.  21  by  replacing  each  solid  angle  by  three  planes,  each 
cutting  equal  lengths  from  two  edges  and  a  different  length  from 
the  third.  Fig.  22  by  replacing  each  solid  angle  by  six  planes,  each 
cutting  three  unequal  distances  on  the  three  edges,  and  many 
others.  Similarly  all  the  secondary  forms  of  any  compound  could 
be  derived  from  a  primitive  form,  and  thus  connecting  them  in  a 
definite  series.  Any  series  could,  however,  be  derived  from  almost 
any  member  of  the  series  in  the  manner  described  and  the  primi- 
tive forms  could  only  be  chosen  arbitrarily. 
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The  establishment  of  crystallography  upon  a  mathematical  basis 
is  chiefly  due  to  the  Abbe  HaOy,  who,  apparently  in  ignorance  of 
the  discoveries  of  Bergman,  had  his  attention  directed  to  the  inter- 
nal structure  of  crystals  by  the  accidental  dropping  of  a  six-sided 
prism  of  calcite  which  broke  into  rhombohedral  fragments.  He 
found  that  this  property  of  "  cleavage  "  was  a  general  one  and  that* 
the  crystals  were  built  up  of  molecules  of  the  shape  of  the  cleavage 
forms.  Although  in  many  instances  no  cleavage  was  found  or 
cleavage  only  in  one  direction,  which  yielded  no  solid,  he  assumed 
that  such  solids  did  exist  in  all  crystals  and  were  the  true  primi- 
tive forms  upon  which  the  other  secondary  forms  depended  and 
that  the  shape  in  such  cases  could  be  determined  by  striations 
and  other  markings  on  the  faces  or  by  analogry  between  the  shapes 
of  the  secondary  forms  and  similar  forms  of  other  crystals  which 
did  show  cleavage. 

Like  Delisle  he  made  six  groups  of  primitive  forms,  of  which 
only  two  were  identical  with  those  of  Delisle  namely  the  tetrahe- 
dron, Fig.  5,  and  the  dodecahedron  with  triangular  faces.  Fig,  i6. 

The  forms,  i.  Paralleopipedon.  Including  cube;  rigftt  prisma 
with  bases  square,  rectangular,  rhombic,  oblique,-  oblique  prisms 
with  bases  rhombic.  Fig.  28;  rectangular,  oblique;  rhombokedron 
obtuse ;  acute.  2.  Regular  Tetrahedron.  3.  Octahedron  with 
Triangular  Faces.  Including  the  regular  Octahedron  and  the 
octahedra  with  bases  rectangular,  square,  rhombic.  4.  Six-sided 
PRISM.  5.  Dodecahedron  with  rhom&ic  faces.  6.  Dodecahe- 
dron WITH  TRIANGULAR  FACES. 

*Esui  d'une  theorie  lur  la  slrnclure  des  ciiilaux  17S4.  Journal  dt  Fhytif 
XLIII,  p.  IC3. 

Alto  in  Gren'i  Ntuti  Jiturmtldtr  ^ytUi,  1795,  VIL,  p.  4)8. 
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The  existence  of  cleavages  other  than  those  producing  the  prim- 
itive form  led  Haiiy  to  assume  the  existence  of  stitl  simpler  shapes 
which  he  called  integrant  molecules.  These  he  limited  to  three 
kinds.  The  tetrahedron,  the  trigonal  prism  and  the  parallelopi- 
pedon. 

With  crystals  of  any  substance  Haiiy  discovered  that  all  forms 
other  than  the  primitive  form  could  be  exactly  imitated  by  build- 
ing on  the  faces  of  the  primitive  form  successive  plates  or  layers 
of  integrant  molecules  each  successive  layer  regularly  diminishing 
by  the  abstraction  of  one  or  more  rows,  either  parallel  to  each 
edge,  or  to  the  diagonals  of  the  faces  of  the  primitive  form,  or 
parallel  to  some  intermediate  line.  A  rhombic  dodecahedron 
might,  for  instance,  be  found  to  cleave  with  equal  ease  in  three 
directions  at  right  angles  to  each  other.  The  integrant  molecules 
would  then,  according  to  Haijy,  be  cubes  and  the  kernel  or  prim- 


itive form  also  a  cube,  Fig.  23  ;  then,  as  perfect  cleavage  requires 
that  the  minute  integrant  molecules  be  so  piled  as  not  to  break 
joints,  the  structure  would  be  similar  to  that  shown  in  Fig.  24,  in 
which  the  successive  layers  piled  on  top  of  any  face  of  the  cubic 
primitive  form  regularly  diminish  one  row  at  a  time  on  each  edge. 
For  only  with  such  a  rate  of  decretion  can  the  pyramidal  planes 
sOI  and  tOI  unite  to  one  plane  sOIt  and  the  diedral  angle  between 
alternate  planes  be  ninety  degrees.  As  the  number  of  plates  added 
would  be  very  large  and  the  little  cubic  molecules  too  small  to  be 
separately  visible  the  steps  would  appear  to  lie  in  the  planes. 

Another  example  may  be  given  to  show  that  this  method  of 
building  yields  forms  corresponding  to  actual  crystals.     Fig.  25 
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shows  a  form  observed  on  cobaltite,  in  which  the  diedral  angle 
atthc  edge,/ J,  is  I26'*52'.  Assumingacubic  kernel, Fig.  26.  Fig. 
27  shows  the  structure  according  to  Haiiy,  in  which  the  decretions 


Fic.  »5.  Fig.  a«.  Fig.  17. 

correspond  to  a  triangle  with  a  base  of  2  and  a  perpendicular  of  % 
that  is,  the  angle  at  the  base  has  a  tangent  equal  to  0.5,  or  is  26^ 
34'.  The  angle  at  /^  is  twice  the  complement  of  this  ;  that  is, 
1260  52'- 

The  decretion*  was  symmetrical  that  is  it  was  repeated  on  all 
similar  parts  of  the  kernel  and  Halty'sexperiments  showed  that  the 
secondary  planes  usually  resulted  from  the  subtraction  of  one  or  of 
two  rows,  and  were  always  according  to  some  simple  rational  num- 
ber never  to  his  knowledge  exceeding  four.  This  is  essentially  the 
basis  of  the  taw  of  rational  indices,  the  fundamental  law  of  crystal- 
lography. 

Prof.  Bermhardi,  of  Erfurt,  pointed  outf  that  the  primitive 
form  should  be  chosen,  not  as  with  Haiiy,  from  molecules 
of  nature,  but  according  to  convenience  and  fitness,  and  that 
the  paralellopipedon  was  not  a  satisfactory  form  for  calculation 
in  many  cases,  as  it  was  often  an  open  form  the  height  of  which 
could  only  be  determined  from  some  secondary  face,  and  he  recom- 
mended the  choice  of  closed  primitive  forms  only  and  suggested 
seven,  six  of  which  are  still  regarded  as  the  simplest  forms  in  the 
crj'stal  systems,  namely :  Cube,  Rhomboludron,  Square  Octaludron, 
Rliombk  Octahedron,   Rhomboidal  Octahedron,    Iriple  Rhombotdal 

*The  law  of  syiDroetrr  wu  sUied  by  Many  u  followi:  "  It  cmuiili  in  tfaii,  th(t 
any  one  method  ol  decreljon  is  repeated  on  all  those  parts  of  the  Duelenl  of  which  the 
rcicmblance  is  such,  that  one  can  be  substituted  for  the  other  by  changing  the  podtion 
of  this  nucleus  with  respect  to  the  eye,  without  it  (the  nucleus)  ceasing  to  be  pre- 
sented in  the  same  aspect."     Mtmeire  lur  Hue  lai  de  Criiiallisatioii,  iBtj. 

t  Von  KobcU's  GeickUhU  dtr  Mintralogie,  p.  197. 


D.g.tizecbvGoOgle 


CHARACTERS  OF  CRYSTALS.  275 

Octahedron,  being  the  seventh  form  was  a  rectangular  octahedron 
which  can  be  referred  to  the  rhombic  octahedron. 

Prof.  Weiss,  of  Berlin,  devised  a  purely  geometric  mode  of  treat- 
ment in  which  he  discarded  entirely  the  idea  of  primitive  form,  say- 
ying  *  "  that  Haiiy's  hypotheses  of  decreted  rows  entangled  the 
problem  with  self-created  difficulties  "  and  that  the  "  mechanical- 
atomic  presentation  which  Haily  deduced  should  be  stripped  away 
so  tbat  the  acquired  knowledge  of  the  mathematical  relation  should 
be  more  clearly  seen."  Weiss  assumed  the  existence  of  certain  fun- 
damental lines  or  axes  passing  through  a  common  center  and 
made  four  groups :  ist,  with  three  equal  axes  at  right  angles  to 
each  other;  2d,  with  three  axes  at  right  angles  to  each  other,  of 
which  two  were  equal;  3d,  with  three  axesatrightangle3,and  all  dif- 
ferent lengths  ;  4th,  with  three  equal  axes  at  sixty  degrees  to  each 
other  in  one  plane  and  one  at  right  angles  to  these,  but  of  dilTerent 
length. 

He  deduced  all  the  primitive  forms  of  Hauy  by  constructing 
planes  which  passed  :  First — Through  ends  of  three  lines.  Second 
— Through  ends  of  two  of  the  lines  and  parallel  to  a  third.  Third 
— Through  an  end  of  one  of  the  lines  and  parallel  to  two  of  them. 
By  taking  points  along  each  of  these  lines  at  twice,  three  times 
and  four  times,  etc.,  the  original  length,  and  constructing  planes 
in  the  same  way  as  before,  he  obtained  all  the  secondary  forms. 

The  lengths  of  the  semi-axes  of  the  primitive  forms  were  called 
a,  b  and  c,  and  the  position  of  any  face  was  denoted  by  the  ratio 
of  the  intercepts  in  terms  oi  a,b  and  c;  thus,  2a:  b:'^  or  a:  ^6  •,2c, 
and  so  on.  This  method  is  still  the  simplest  and  most  satisfactory 
if  only  an  elementary  knowledge  of  type  forms  is  desired,  but  is 
cumbersome  and  tedious  in  calculation. 

Haosmann  applied  spherical  trigonometry  to  crystallographic 
calculations  in  1803  and  BERNHARDif  in  1808  pointed  out  that  it 
would  be  better  to  determine  trigonometricalty  the  relations  be- 
tween the  lines  from  a  common  point,  normal  to  each  face,  as  these 
were  the  directions  of  attraction  and  growth. 

Prof.  Mobs,  of  Freiberg,  groupedj  all  forms  in  four  Systems,  the 

*  Uebenichtliche  Darstellung  der  verschiedene  Abtheilung  der  KrygtalliuliODE- 
Spteme.     Benkscirifi  der  Bertintr  Akad.  dir  WisstH.     1814-15.     p.  agS. 

t  Gihltn't  Journal,  1808,  a,  378. 

}  Treatise  on  Hineratogy,  or  Ibe  Natumt  Histor)'  of  the  Mineral  Kingdom.  (ITaid- 
inger'i  truulation),  Edinburgh,  1815. 

vou  xvm.— 19 
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Cutic,  F^amidal,  RJtomboktdral  aad  Prismatic,  each  consisting  <A 
a  series  of  forms  geometncally  derived  from  a  "  fundamental  form  " 
by  modifyiag  planes  which  cut  distances  from  certain  lines  in  the 
ratio  of  whole  numbers.  The  fundamental  forms  were  the  simplest 
ctosed  forms  and  were  not  selected  from  cleavage  or  structure,  but 
purely  for  geometric  simplicity.  In  i82z  he  proved  the  existence 
of  two  more  Systems,  the  MonocUnk  and  Triclimc,  the  fonns  of 
which  had  previously  been  considered  as  partial  forms  of  the  other 
four  systems. 

F.  C.  Neumann  in  1823  proposed  a  graphic  method  in  which 
tile  crystal  faces  were  indicated  by  the  points  in  which  radii  drawn 
normal  to  the  faces  met  the  surface  of  a  circumscribing  sphere. 

In  183s  Whewell*  showed  that  if  a  solid  angle  of  the  primitive 
form  was  taken  as  the  origin,  and  the  edges  as  cordioatss,  with 
leogtiis  x,y,  z,  then  any  secondary  f^ce  would  be  expressed  by  the 

equation  ^-  -r  j  =  tn,  in  which  m  was  not  dependent  upon  the  in- 

•  ■}  . 

say  {p,^,r]  could  represent  the  face.  These  are  essentially 
the  reciprocals  of  the  Weiss  intercepts,  and  are  the  indices  used  by 
Miller. 

By  far  the  most  important  advance  since  HaiJy  was  the  method 
developed-)-  by  Professor  W.  H.  Miller,  of  Cambridge  Univer- 
sity,  in  which,  by  spherical  trigonometry,  a  series  of  simple  sym- 
metrical expressions  were  deduced  for  the  normal  angles  in  terms 
of  the  reciprocal  intercepts  of  Whewcll,  and  the  positions  of  faces 
were  indicated  by  stereographic  projection  of  the  points  in  which 
radii  perpendicular  to  the  faces  meet  the  surface  of  the  sphere. 
The  method  is  still  the  best,  and  is  gradually  supplanting  all 
others  except  for  elementary  work. 

The  General  Geometric  Propebties  of  Crystals. 

A  Plane  of  SvMMETky  is  a  plane  through  the  centre  which 
divides  the  crystal  so  that  either  half  is  the  mirrored  reflection  of 
the  other,  and  every  tine  perpendicular  to  the  plane  (and  within 

*  A  £enera1  method  of  calcuUiing  tbe  kogln  mkde  by  any  plaaes  of  ci^atak.   Rct. 
W,  Whewell,  Traouctioni  Royi]  tiociety,  t8i;,  CXV.,  87-180. 
t  A  treatiie  on  Crystallogriphy,   1 839. 
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the  solid)  connects  corresponding  points  of  the  solid  and  is  bisected 
by  the  plane.  Every  plane  of  symmetry  is  necessarily  parallel  to 
a  possible  crystal  face,  for  if  two  faces  are  symmetrical  to  it,  it 
must  pass  through  their  edge,  that  is  to  be  in  the  same  zone.  So, 
also,  with  a  second  pair  of  faces.  But  any  plane  lying  in  two 
known  zones  has  rational  indices(p.  281)  and  is  a  possible  crystal 
fece,  as  will  be  shown  later. 

One  plane  of  symmetry  may  occur  alone.  If  two  planes  occur 
they  must  be  at  right  angles,  and  they  make  necessary  a  third  at 
right  angles  to  both. 

An  Axis  op  SvMMKTRy  is  a  line  through  the  centre  such  that  a 
revolution  of  180°  or  less  around  it  will  bring  a  face  into  coinci- 
dence with  the  original  position  of  an  equivalent  face. 

The  intersection  of  two  planes  of  symmetry  is  necessarily  an 
axis  of  symmetry.  Every  axis  of  symmetry  is  cither  parallel  to 
an  edge  between  two  possible  faces  or  normal  to  a  possible  face. 
It  has  been  proved*  that  that  there  can  be  only  four  kinds  of  axes 
of  symmetry :  Binary,  Ternary,  Quaternary  and  Senary  in  which 
equivalent  faces  become  coincident  by  revolutions  of  180",  120°, 
■90"  and  60°  respectively.  These  may  occur  alone  or  in  combi- 
nations or  with  planes  of  symmetry. 

There  may  be  distinguished  three  methods  by  which  equivalent 
planes  equally  distant  from  the  centre  may  be  made  to  coincide : 
I  St.  By  reflection  in  a  plane  of  symmetry. 
2d.  By  rotation  around  an  axis  of  symmetry. 
3d.  By  composite  symmetry  or  simultaneous  rotation  around  an 
axis  and  reflection  in  a  plane. 

Composite  symmetry  can  occur  with  a  binary  axis,  and  plane 
perpendicular  thereto ;  it  is  impossible  with  a  ternary  axis,  and  with 
quartcmary  or  senary  axes  is  equivalent  to  simple  symmetry  with 
binary  or  ternary  axes  respectively. 

Axes.  The  faces  of  crystals  are  defined  in  position  by  referring 
them  to  imaginary  lines  called  axes.t  The  selection  is  largely  ar- 
bitrary, but  with  the  object  of  securing  the  simplest  indices.  For 
this  purpose  they  must  be  lines  parallel  to  the  edges  between  pos- 
sible planes  and  lines  as  important  to  the  symmetry  as  possible. 
Generally  three  directions  are  selected  which  are  parallel  to  the  in- 
tersections of  three  occurring  or  possible  faces. 
•GrMh't  PhysikaHjclK  Kryjtallographii,  p.  313,  III.  edlliao. 
\  Eqninlent  um  are  neMtnrily  iunaund«d  t^  th«  mow  ntunber  of  face*  placed 
in  tlie  nine  way. 
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Fig.  3& 


Let  XX  YY"  ZZ,  Fig.  28,  be  three  such 
axes  and  let  all  distances  be  measured  on 
these  lines  from  their  origin  or  common  in- 
tersection O,  distances  in  the  direction  OX, 
OY  or  OZ  being  regarded  as  positive  and 
those  in  the  directions  OX,  OY  or  OZ 
'  as  negative. 

Any  plane  as  A  B  C  would  be  determined 
in  space  by  its  intercepts  OA,  OB,  DC,  on 
these  axes,  or  in  angular  position  by  the 
ratios  of  these  intercepts,  and  as  in  crystals 
there  is  constancy  in  inclinations  of  planes  to  each  other  and  there- 
fore to  the  axes,  but  no  constancy  in  the  linear  dimensions,  some 
expression  for  the  relative  instead  of  the  absolute  values  of  the  in- 
tercepts is  used  as  a  symbol,  which  may  be  the  intercepts  expressed 
as  a  proportion  or  some  condensed  expression  derived  from  the 
ratios  of  the  intercepts. 

T/u  Fundamental  Law  or  Law  of  Rational  Indices. 
Experience  teaches  that  a  simple  relation  exists  between  the  in- 
tercepts of  different  planes  of  the  crystals  of  any  chemical  sub- 
stance, and  that  if  the  axial  intercepts  of  any  face  be  divided  by  the 
corresponding  intercepts  of  any  otiterface  the  quotients  willbe  only  sim- 
ple rational  numbers. 

For  instance,  if  the  intercepts  of  some  face  A  B  C  are 
OA  :  OB  :  OC  =  a  :  (5 :  *:, 
then  these  values  divided  by  the  intercepts  of  any  other  face  H  K  L 
will  yield  quotients 

aba    _.      ,      . 
OH  ■OK'  OL  — "■"'•'' 

in  which  k,  k  and  /  are  simple  rational  numbers  such  as  g  '  T' '  '^'^' 
Parameteks. 

Some  selected  plane  A  B  C  is  called  the  p'arametral  face  or  unit 
face,  and  the  values  a  b  c,  which  express  the  simplest  ratios  of  its 
intercepts,  are  called  the  parameters  of  the  crystal. 
Indices. 

It  is  always  possible  to  express  the  ratios  between  h,  k  and  /  by 
three  whole  numbers  because,  as  just  stated  &ey  are  simple 
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rational  numbers,  and  if  fractional  they  may  alway.s  be  cleared  of 
fractions  without  changing  the  ratios,  for  evidently 

k  :  k  :  /=  mk'.mk:  ml 

The  simplest*  whole  numbers  which  express  the  ratios  of  h,  k 
and  /are  called  the  indices  of  the  face,  and  are  always  written  in 
the  same  order,  the  first  referring  to  the  intercept  on  the  axis  X  X^ 
the  second  to  that  on  Y  Y.  the  third  to  that  on  ZZ.  A  bar  over 
an  index,  as  k,  indicates  that  the  intercept  is  negative.  As  in- 
dicating a  face  they  should  be  written  {hkl),  though  frequently 
the  parenthesis  is  omitted ;  but  if  used  as  a  symbol  of  a  form  they 
should  be  written  \kkl  \. 

Indices  and  intercepts  are  inversely  proportional,  for  from  the 
equation  (p.  276]  we  obtain : 


in  which  a,  b  and  c  are  constant  for  all  faces  of  a  crystal. 

If  a  face  is  parallel  to  an  axis  its  intercept  on  that  axis  is  infinite 

and  its  index  is  zero;  for  example, if  -,  ^»  ,  then  A  =0  and  the 

symbol  is  (okl"). 

The  values  of  the  intercepts  OH,  OK,  OL,  become  the  para- 
metral values  only  when  hkt=^\\\.  For  with  these  values  only 
can  we  obtain : 


Deterhination  of  ths  Elements  of  a  Crystal. 
The  three  axial  planes  and  the  "  parametral  face  "  constitute  the 
elementary  planes.    These  are  chosen  to  yield  the  simplest  indices 
and  are  usually  planes  of  cleavage,  or  twinning  or  gliding  planes, 
and  are  preferably  planes  of  symmetry. 

In  the  most  general  case  there  are  five  undetermined  elements, 
namely : 

The  angles  between  the  axes,  Y  Z  or  a,  X  Z  or  ^9,  X  Y  or  j-. 
The  ratio  between  the  parameters  a,  b,  c,  in  which  b=t. 
•  EipericDce  show*  (bat  the  faces  which  moat  ireqnentljr  occur  will,  wilh  proper 
(election  of  the  paratnetnl  plane,  have  as  indices  o  or  t  or  rarel  j  a. 
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I '  Detirmtnatian  of  the  angUs  brtween  tkt  axes.   ■ 
These  maybe  determined  most  simply  from  the  measured  angles 
between  the  axial  planes,  as  follows  : 

Let  the  surface  of  a  sphere,  described  around 
O,  the  centre  of  the  crystal,  meet  the  axes  ia 
X,  Y  and  Z,  Fig.  29. 

Construct  A  B  C  the  polar  triai^Ie  of  X  Y  Z. 
then  will  A  be.  the  pole  of  the  axial  plane 
YOZ,  B  the  pole  of  XOZ,  and  C  the  pole 
of  XOY. 

The  sides  of  A  B  C  therefore  measure  the 
normal    angles   between   the    axial  planes, 
that  is  between  the  planes(oio),  (100),  (001) 
are  determined  by  measurement 

AB  =  {ioo)  — (oio),  BC=(oio}  — (001),  A  C=  (100)  — (001). 
The  angles  of  the  triangle  can  therefore  be  calculated  by  formula 


for  Instance:  cos  CAB: 


cos  B  C  —  cos  A  B  cos  A  C 


Since  ABC  and  X  V  Z  are  polar  triangles 

«=YZ=  ISC'*  — CAB,  ^=XZ=i8o«  — CBA, 
;.=.XY=i8o''  — ACB. 

The  angles  between  the  axes  are  therefore  determined. 
Example.    In  Axinite  by  measurement  it  is  found  that 

lo£.  CM.  log.  (in. 

AB  or(ioo — 0I0)  =  4S"21'    8"  whence  9.82253     9.873465 

BC  or(oio— ooi)=97°50'    8"       "       9-I34S9    9-99S93 

A  Cor  (100  —  001)=  93°  48' 56"       "       8.8231 1     9.99904 

/cos  C  AB=9.09i8i 

CAB=82°  54'  13"  or  97°    S'47" 

a  =  97=>    5' 47"  or  82°  54'  13" 

Similarily  j?  and  y  eaa  be  determined 

2°  Determination  of  tite parameter  ratios. 
In  Fig.  29  let  HKL  be  any  plane  cutting  the  three  axes  and 
with  known  indices  hkl. 


D.g.tizecbvGoOgle 


CHARACTERS  OF  CRYSTALS.  279 

The  spherical  triangle  nt  described  from  L  as  a  centre  can  be 
solved  because  its  angles  are 

?=(ioo^(oio)  j=  (100)  — (Ai/}  and  r="  (oro)  —  {hkl),  2X\  of 
which  nwy  be  measured. 

The  sides,  tr  and  ts,  ciay  be  calculated  by  formula,  for  instance : 


cos  tr= 


3  j+cosf  COS  r. 


sin  t  sin  r 

These  sides  measure  angles  in  the  plane  triangles  H  O  L  and 
K  O  L,  respectively,  and  in  each  of  these  one  other  angle  has  al- 
ready been  determined.  The  triangles  may,  therefore,  be  solved 
for  the  relaiive  lengths  of  their  aides — that  is,  for  the  intercepts  of 
the  plane. 

For  instance,  in  K  O  L,  the  angltf  at  L  is  measured  by  is,  and 
the  angle  at  O  by  Y  Z  or  a,  hence  the  angle  at  K  is  180°— (o+it), 
and  the  sides  are  given  by  the  formula, 

O  L :  O  K=sin  {i8o°  —a — ts  )  :  sin  ts 
Similarly, 

O  L:0  H— sin{i8o°— (9— rr)  :  sin  tr 
Example : 

Given /=  100°  41',  j=S9°  ic/,  r— 76°  33',  a— 82°2i',  (!=73°  11'. 
Required  a,  b  and  c. 

™  ,.       cos  ^+co3  t  cosr    .512S  +  .18S4X.2335 

^09  tr si„,3i„^ TgSzisx  .9726     "    5*'^' 

cos  r+cos/cos  J    .233S  +  .18S4X-5125 

""  ^  =        ^WsiuT     —     .^-2is"x^8S87 ^^^^ 

/i_67°  5'. 

In  triangle  KOL  O  L:  O  K— sin(i8o'*— 82°  21' — 67°  5'): 
sin  67°  5',=sin  30°  34':  sin  67°  5'=o.So85  :  .9205=.5525  :  i. 

In  triangle  H  O  L  O  L:OH=sin  (i8o°— 73°  11'— 54°  35'): 
sin  54°35'-.sin  52°  14':  sin  54°  35'!»o.790S  ;.8iso».5S2S  :  .5696 
HenceOH:OK:OL=-.s696:  i :  .5525=-  a:h:c. 

Spherical  Projection, 
Imagine  a  sphere  described    around    the  centre  of  a  crystal 
with  any  radius  and  radii  drawn  normal  to  each  face. 
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The  point  in  which  the  radius  normal  to  any  crystal  face  meets 
the  surface  of  the  sphere,  is  called  the  pole  of  the  face,  and  is  de- 
noted by  the  symbol  of  the  face. 

Planes  which  intersect  in  parallel  edges  will  evidently  have  their 
normals  in  one  plane  and  their  poles  in  the  circle  which  it  cuts 
from  the  sphere  of  projection.  Such  a  series  of  planes  constitute 
a  Zone,  the  plane  of  the  normals  is  the  Zone  Plane,  the  circle  is 
the  Zone  Circle,  and  the  line  through  the  centre  parallel  to  the  face 
and  edges  of  the  zone  is  the  Zone  Axis. 

Fig.  30  represents  the  section  made 
by  a  zone  plane,  the  normals  to  the 
faces  A,  B,  C,  etc.,  meet  the  zone  circle 
in  the  poles  A^,  Bj,  Q,  etc. 
The  same  radii  are  evidently  nor- 
.,L  nial  to  the  crystal  faces  of  the  enclosed 
ideal  form  in  which  equivalent  faces 
are  equally  distant   from   the  centre. 
Hence  the  poles  on  the  surface  of  the 
sphere,  in  their  arrangnnent  will  reveal 
Fic'so  ^^^  hidden  regularity  of  unequally  de- 

veloped crystals. 
Fig.  30  shows,  also,  that  the  arc  of  the  zone  circle  between 
any  two  poles  measures  the  normal  angles,  the  supplements  of  the 
angles  between  the  corresponding  faces.  Different  intersecting 
zone  circles  give  spherical  triangles,  the  sides  of  which  are  normal 
angles,  which  can  be  solved  by  simple  formulae,  provided  certain 
parts  have  been  determined  by  measurement  or  previous  calcula- 
tion. 

A  number  of  simple  relations  between  the  faces  in  zones  have 
been  deduced  by  means  of  which  it  is  possible  to  greatly  reduce 
the  number  of  necessary  direct  measurements  and  to  simplify  the 
calculations. 
Symbol  for  a  Zone  Axis. 

The   direction   of  intersection*  of  two  crystal  faces  [hkl)  and 

(/j/ A' /')  is  [uvw]  in  which  u  =  >/'—/*',  V  = /A' —  A^,  w=>W^tA'. 

These  values  may  be  obtained  by  cross  multiplication  of  the 

twice  written  indices,  striking  off  end  terms  and  reading  down 

alternately  from  left  to  right  and  from  right  to  left,  thus  : 

•  Miller's  Trtatiit  en  Crj/italloffrajiky,  p.  j. 
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k\k     I     h      k  \l 
XXX 

k'\ /^  I'    h'    e\? 

As  all  the  terms  are  whole  numbers  the  values  of  u,  v  and  w  will 
be  also.  A  zone  is  designated  by  this  symbol  [uvw]  or  by  the 
symbols  of  two  of  its  planes  \hkt,pqr\,  or  by  letters  designating 
the  faces  [F,  Q],  always  enclosing  with  the  parallel  bars. 

Equation  for  Zone  control  or  Condition  that  a  face  may 

BELONG  to  a  ZONE. 

If  a  face  {pqr)  lies  in  a  zone  [uvw]  its  indices  must  satisfy*  the 
equation  /u  +  yv  +  wr  =  o. 

If  two  indices  of  a  face  are  known,  and  the  zone  is  known,  the 
third  index  may  therefore  sometimes  be  found. 

Example.    By  test  with  a  reflection  goniometer  the  face  (3^1)  is 
found  to  be  in  the  zone  [lii] ;  substituting  in  the  above  equation 
3Xi+*xT+Txi  =  0  whence  3  —  k  — 1  =  0  and  k=.2. 
Face  in  two  zones. 

The  indices  of  a  facef  which  lies  in  the  zones  [uvw]  and  [uVw*] 
will  be  h^  uv'  — vu',  j£=  vw'  —  wv',  /:=  wu'  —  uw'. 

These  values  may  be  obtained  by  cross  multiplication. 

Example. — By  test  a  face  {^kkl')  is  found  to  lie  in  the  zones 
[210]  and  [012],  required  the  values  of  k,  k  and  /. 

2  I  T    o    2    T  I  o 

I     XXX  A—2  —  o,  *  =  o  +  4.  ^=2—  o, 

o ;  t     2    o     I  I  2 

that  is,  (A  */)—  (242)  -  (121). 

To  Find  a  Fourth  Face  in  a  Zone,J 

Let  K={efg),  B  =  (/ii/)and  C=(/?r)be  known  faces 
of  a  zone,  the  poles  of  which  lie  in  the  order  named. 

To  find  the  position  of  any  fourth  face,  D  ^( mno'),  if  its  in- 
dices are  known. 

^(cot  AC— cot  AD)  = 

•Ibid  p.  10. 
tibid,  p.  8. 
X  Gnth'i  FAytitaliicht  KryitaUtgraphU,  III.  ed.,  p.  584. 
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C       ,  AB 
CD  ""■■  BD  ' 
plication  of  pairs  of  corresponding  indices : 

e    f 
X 
AC  ^p     q  ^eq~fp 
CD       p    q      pn — qm 


Very  frequently  two  of  the  three  identical  ratios  are   indeter- 
minate. 
Example. 

In  a  crystal  of  pyroxene,  given  i  A=  (^')s=  (lOO),  B='(AW) 
=  (101),  C={/^=(ooi),D=(w«t>)=:{30i).,  AB=49°  39'. 
A  C  -=  73°  59*.     Required  A  D. 

By  trial  the  first  and  third  ratios  are  found  to  be  indeterminate, 
but  from  the  third  we  obtain 

AC_i.i  — o.  o_i.AB_i.i  — o.  I       I 
CT3 ~ o.  1  —  1 .  3 ~ 3 '  BD~i.  i_i.  3'^4 
substituting  in  the  equation 

-(cot  73°  59' —  cot  A  D)  =  -  (cot  49°  39'_cot  AD) 

1. 1504  —  4  cot  A  0=2.5487—  3  cot  AD.  cot  AD=  1.3983 
AD=i44°26' 
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Zone  of  two  Pinacoids. 

Every  face  in  the  zone  will  have  that  index  zero  which  is  zero 
in  both  pinacoids.  For  Cxampte  if  a  face  lies  in  the  zone  of 
f  lOO,  oio]  its  third  index  must  be  zero  for  the  zone  symbol  is 
[ooi]  p.  280 and  k.o-^  k.o-yl.  istaocan  be  true  only  if /=o. 

ZONB  TKROUOH  ONE  PiNACOID. 

The  ratio  of  the  two  indices  which  are  zero  for  the  pinacoid,  is 
constant  for  all  faces  of  the  zone.  For  example  the  symbol  of  the 
zone  \lOO,hkl'\  \%\ol^'\.  Any  third  face  (/»^r)  must  satisfy  the 

equation  po  +  q  t—rk=o,  that  isgi=rk  or  jx=^ 

Zones  in  which  two  indices  are  constant. 

If  two  faces  have  two  corresponding  indices  in  each  with  the 
same  ratio,  alt  faces  in  their  zone  will  have  those  two  indices  in 
that  ratio.  For  example,  the  symbol  of  the  zone  of  the  faces  (123) 
and  (245}i9  [210]  Aface  {^^i)  to  be  in  this  zone  must  satisfy 
the  equation  —  2A  +  -t  +  o/=o,  thati8  2A=A. 
Changing  Axes.* 

If  three  edges  are  preferred  to  those  originally  selected  as  axes 
directions  proceed  as  follows  : 

From  the  original  indices  of  the  ttnv  axial  planes  determine  the 
symbols  of  their  intersections  (that  is,  their  zone  symbols),  [uvw], 
[u,v,w,]  [ii,v,wj. 

Then,  if  the  indices  of  any  face  referred  to  the  old  axes  is  {A^), 
its  new  indices  A,, j&,  and/,  will  have  the  following  values: 
A,  =  Au  +  Av  +  Avr 
*,  =  ^,  +  iv,  +  ,tw, 
/,  =  Ai,  +  /v,  +  Av,. 

Changing  Parameters. 

Mi  the  indices  of  a  face  referred  to  parameters  a,  b,  c, 
V,A"       "      "the"  ■■       ■•  "  rt,.*,.^,. 

^  =:.£.,  _L^  _.,  ^  =f  thenif  this  faceis  chosen  as  the  parame- 
«,       A    *,       k      l^       I 

tralplanea,  =  -J-,  -5,=  -,-,  f  1  =  ^  and  any  other  face,  the  indices 

*  llUler  Trcalist  an  Cryttallegraphj,  p.  17. 
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of  which  were  pqr,  will  receive  new  indices  p^^^,  in  which 


A=- 


?.= 


tl 


Stereographic  Projection. 

The  sphere  containing  the  poles  of  the  crystal  faces  is  most 
conveniently  represented  in  Stereographic  Projection. 

Some  important  plane  through  the  centre  of  the  sphere  is  se- 
lected as  a  plane  of  projection,  and  all  poles  of  the  sphere  are 
projected  in  this  plane  and  fall  within  the  limits  of  the  so-called 
"  Primitive  aRCLE." 


Fig.  31. 

For  instance,  let  Fig.  31  represent  the  upper  half  of  a  crystal  of 
cassiterite  within  a  sphere  of  projection.  The  crystal  faces  a,  d, 
g,  k,  m,,  etc.,  will  have  their  poles  in  the  points  A,  D,  G,  k,,  m,, 
etc.,  where  the  normal  radii  intersect  the  spherical  surface. 
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Let  the  equatorial  plane  be  the  plane  of  projection,  let  the  south 
pole  be  the  point  ofsight,  then  if  lines  are  drawn  from  the  south 
pole  to  the  various  poles  in  the  northern  hemisphere,  they  will  all 
pierce  the  equatorial  plane  at  points  A,  D,  G,  K,  M,  etc.,  in  the 
primitive  circle  which  are  the  projections  of  the  poles. 

Principal  Characteristics  of  Stereographic  Projection. 
1°  All  zone  circles  at  right  angles  to  the  primitive  circle  are 
projected  as  diameters,  all  others,  as  arcs  of  circles,*  cutting   the 
primitive  circle  in  the  extremities  of  a  diameter. 

2"  If  the  pole  (/^  Fig.  jj)  of  a  zone  circle  CPC^  is  united  imth  the 
poles  of  two  faces  (P  and  Q)  of  the  zone  by  straight  lines,  and  these 
prolonged  to  the  circumference,  tliey  cut  from  it  an  arc  equal  to  the 
normal  angle  between  tite  tu'ofaces.'\ 

Free-hand  construction   in    many  instances   serves   to   give   a 
comprehensive  view  of  the  symmetry  and  relations  of  the  faces 
and  zones.     For  accurate  construction  a  few  rules  are  needed, 
which  are  based  upon  characteristics  i  and  2. 
Problem  i. 
Given  the  projection  of  a  zone  circle,  to  find  that  of  its  pole. % 

In  Fig.  32.    Given  C  P  Q  to  find  F. 
C  P  C,  intersects  the  primitive  circle  in 
the  diameter  C  C,.    Its  pole  must  He  on 
that    circle  which  is  projected  as  the 
diameter  D  Dj  normal  to  C  Q  and  at  90° 
I  from  the  point  T  where  the  two  circles 
intersect.     Draw  C  E  through  T,  lay  off 
EE,=  90",  draw  EjC,  then  is  F  the  re- 
quired pole  because  it  is  a  point  on  D  D, 
and  by  the  second  characteristic  it  lies  at 
Fig.  31.  a  quadrants  distance  from  T. 

Problem  2. 

Given  the  projection  of  the  pole  of  a  great  circle  to  draw  the  circle. 

In  Fig.  32  given  F  to  find  C  P  Q. 

Draw  a  diameter  D  D,  through  F  and  another  C  C,  normal  to 
this.    Through  F  draw  C  E,,  make  E  E^  90",  draw  E  C,  then  are 

*  For  demotitlratioii,  SlorT-Mukcl^e'i  CryiUllography,  p.  30. 

tibid,  p.33. 

{  HiUn'*  TVtatUe  m  Ofstallegraphy,  p.  133, 
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T,  C  and  C„  three  points  of  the  zone  desired.    Through  these{>ass 
the  arc  of  a  circle. 
Problem  3. 

In  any  sone  given  the  angle  between  two  faces  and  lite  projection  of 
cne  of  them  to  find  that  of  the  other. 

In  Fig.  33,  given  the  zone  CPC„  the  face  P,  and  the  angle  P  to 
Q=a.    To  find  Q, 


FIG.  33. 


Fjo.  J4. 


Find  F  the  pole  of  the  zoneC  PC,,  as  in  problem  i.  Draw  FE 
through  F,  make  E  E,  equal  «,  and  draw  E,  F.  Then  by  the  second 
characteristic,  Q  Js  the  desired  projection. 

In  Fig  34,  is  represented  the  special  case  in  which  the  given 
zone  C  F  C,is  normal  to  the  primitive  circle.  In  tiiis  case  the  pole 
of  the  zone  falls  at  D,  the  extremity  of  the  diameter  normal  to  C  Q. 

If  a~i8o'^,  the  second  face  will  lie  outside  the  primitive  circle. 
The  construction  is  not  changed. 
Probleh  4. 

Given  the  proitctwns  of  two  faces 
in  a  S0n£  to  find  the  projection  of  the 
zone  circU.* 

In  Fig.  35,  given  P  and  Q  to  | 
find  C  PC,. 

Draw  a  diameter  through  P.  The 
face  P,  opposite  P,  will  be  on  it. 

Draw  O  A  perpendicular  to  this 
diameter,  draw  P  A,  and  from  A,  a  ^'°-  5^ 

line  perpendicular  to  P  A.  The  intersection  of  this  perpendicular 
with  the  diameter  through  P,  will  be  P, ;  the  projection  of  the  pole 
of  a  face  opposite  P,  that  is  180°  from  P,  in  the  same  zone. 

■Miller's  Irtalist  an  Crysfallografky,  p.  133. 
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The  arc  of  a  circle  throu^  the  three  poiate,  P,  Q  and  P,,  will  be 
the  desired  circle. 

Examples.  Application  of  precedii^  constructions  to  the  pro- 
jection (Fig.  36)  of  the  cassiterite  crystal  (Fig.  31). 


The  poles  lying  in  ^e  primitive  circle  are  separated  by  arcs 
equal  to  the  true  normal  angles.  The  poles  of  all  other  faces  in 
this  instance  lie  in  zone  circles  normal  to  the  primitive  circle, 
tiiercfore  projected  as  diameters.  The  true  position  of  any  one  of 
these  is  found  by  Problem  3.  For  example:  M — J  or  (110)  — 
(1 1 1)  =  46°  27'.    Lay  off  J  .r  =  46°  27',  draw  :r  I  to  the  pole  I 
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of  the  circle  J  H  cutting  the  latter  at  M,  the  required  projection. 
Ilie  pole  R  is  in  the  zone  of  M  and  J,  and  being  an  equivalent  face 
O  R  =  O  M. 

Draw  zone  circles  through  C  M  D,  B  M  A,  C  R  D  and  B  R  A. 

The  poles  of  N  and  S  will  lie  at  the  intersections  as  shown. 
For  the  second  order  forms  K  lies  in  the  zone  [A  B]  and  in  the  zone 
[M  N],  hence  is  at  K.  Similarly  the  faces  e,  I  and/have  poles  E, 
L  and  F. 

A  crystal  of  barium  chlorate  shown  in  Fig.  37  yields  the  pro- 
jection Fig.  38.  The  plane  of  projection  is  taken  normal  to  the 
zone  [m,  a], 

Givenw  — 3  =  48*53/4'.  *«  — ''—  4'°  5 ij^', ''«—/=  56°  39' 
In  Fig.  37  lay  off  arcs  equal  48°  S3j^'  each  side  of  a  and  cf  de- 
termining m,m',rnf',  »«"'.  Lay  offan  angleequal  41°  51^'and 
draw  a  line  (not  shown)  to  pole  of  the  zone  [a  a*],  intersecting  the 
latter  at  r.  By  trial/  lies  in  the  zone  \m"'  r],  construct  this  zone 
circle,  find  its  pole,  F  by  Problem.  Lay  off  m'  s  ^  56°  39',  draw 
J  F,  then,  by  Problem  3,/  is  the  desired  pole;  fi"  is  in  the  zone  \mr\ 
symmetrical  to  p. 
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A  prize  of  one  hundred  dollars  has  been  offered  by  Mr.  W.  B.  Devereux 
(S.  of  M.  '78)  to  graduates  of  the  School  of  Mines  for  the  best  memtHr 
on  the  electric  transmission  of  power  for  mining  purposes.  The  memoir 
should  describe  in  detail,  with  the  necessary  drawings,  an  existing  plant 
or  plants  with  the  practical  results  obtained  therefrom,  giving,  if  possible, 
the  itemized  cost  of  installation  and  working.  Preference  will  be  given 
to  memoirs  describing  plants  with  which  the  writer  has  had  personal  con- 
nection, either  in  the  design,  the  construction  01  the  operation  of  the 
same. 

Memoirs  must  be  handed  in  to  the  Dean  of  the  faculty  on  or  before 
December  i,  1897. 
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ABSTRACTS. 

METALLURGY  FOR  1896. 

Bv  JosEFH  Struthbrs,  Ph.D. 

Th«  following  list  of  note  references  is  composed  of  the  more  impor- 
tant articles  on  general  metallurgical  practice : 

Abbreviations  Eu ployed. 

Amer.  =  American.  Mag.  =  Magazine. 

Can.  =  Canadian.  Manuf  ^  Manufacturer. 

Chem.  ^  Chemical.  Mecti.  =  Mechanical. 

Col.  ^  Colliery.  Min.  ^  Mining. 

Eng.  =  Engineering.  Sci.  ^  Scientific. 

Frank.  ^  Fraaltlin.  Soc  =  Society. 

Guard.  ^  Guardian.  Trans.  ^  Transactions. 
Joum.  =  Journal. 

RiFRACTORV  Materials. 

Red  plastic  Fire-Clay. — Chas.  Ferry. — Iron  Age,  January,  16th,  '96. 

New  Jersey  Fire-Clays, — Chas.   Ferry.     (Criticism  of  the   "bung" 
method  of  testing.) — Iron  Age,  March  19th,  '96. 
Pyrometry. 

The  Le  Chaieller  Heraus  Thermo  Pyrometer, — Dr.  H.  Wedding. — 
Iron  and  Coal  Trades  Review,  September  nth,  '96. 
Fuels. 

Seraet  Solvay  Retort  Coke  Ovens,  with  Recovery  of  By-products, — R. 
M.  Atwater.  (Comparison  with  beehive  oven  coke.) — Iron  Trade  Rev,, 
January  30th,  '96. 

Recovery  of  By-products  and  Utilization  of  Waste  Gases  in  Coke 
Ovens.     (English  practice.) — January  31st,  '96. 

Coking  in  Upper  Silesia. — M.  Gouvy. — Amer.  Manuf.  and  Iron 
World,  February  aist,  '96. 

Recovery  of  Ammonia  in  Coke  Manufacture.  (From  Stahl  und  Eisen.) 
— Iron  and  Coal  Trades  Rev.,  May  ist,  '96. 

The  Effect  of  Coke  Oven  Construction  on  Coke. — R.  M.  Atwater. 
(A  paper  read  before  the  Engineers'  Society  of  Western  Pennsylvania, 
setting  forth  the  advantages  of  the  Seraet  Solvay.) — Iron  Irades  Rev., 
March  26th,  '96. 

The  Vast  Importance  of  the  Coke  Industry.— John  Fulton.  (Illustrated. 
Various  ty[>es  of  ovens  with  discus^ons.) — Rng.  Mag.,  May,  '96. 

Coke  Oven  Construction. — R.  M.  Atwater.  (Its  effect  on  coke  with 
special  reference  to  the  Seraet  Solvay  ovens.) — Col.  Guard.  June,  '96. 

Mechanical  Coke  Drawer. — R.  A.  Cook.  (III.) — Trans.  Amer.  Inst, 
ffin.  Engrs.,  July,  '96. 

The  Newton-Chambers  System  of  Saving  the  By-Products  of  Coke 

Manufacture  in  Bee-Hive  Ovens Robert  A,  Cook.^TVanJ.  Atner.  Inst. 

Min.  £ngrs.,  July,  '96, 
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Retort  Coking. — ^J.  S.  Kennedy. — Tradesman,  August  isth,  '96. 

Coke  Making.  (Historical.) — Engineering,  London,  August  28th,  '96. 
Gas  Producers. 

New  Proposals  for  the  Utilization  of  Blast  Furnaces  and  Producer 
Gases. — Iron  and  Coal  Trades  Rev.,  February,  '96. 

The  Efficiencies  of  Gas  Producers. — Chas,  F.  Jenkin.  (A  paper  read 
before  the  Institute  of  Civil  Engineers.)— Cc/.  Guard.,  March  27lh  '96. 

Coal  Dust  Fuel  in  the  Brown  Coal  Briquette  Industry. — Dr.  Kosmann. 
(Translated  from  the  Bergund  Hmenm&nnische  Zeif.) — Col.   Gaard., 
April  ad,  '96. 
Blast  Heating. 

The  Ford  and  Moncur  Hot-Blast  Stove.— Benj.  J.  Hall.     (Paper  read 
before  the  Iron  and  Steel  Institute.) — Col.  Guard.,  May  8th,  '96. 
Ores  of  Iron. 

The  Roasting  of  Iron  Ores  with  the  View  to  Their  Magnetic  Concen- 
tration.— H.  Wedding. — Iron  and  Coal  Trades  Rev.,  September  4th,  '96. 

The  Action  of  Blast  Furnace  Gases  Upon  Various  Iron  Ores. — O.  O. 
Landig.      (Results  of  laboratory  experiments.) — Trans.   Amer.  Inst. 
Min.  Engrt.,  July,  '96. 
Pig-Iron Blast  Furnace  Practice. 

Charcoal  Furnaces,  Most  Modem.  (Illustrated.) — Iron  Trade  Reoiew, 
January  ad,  '96. 

Early  Iron  Making  in  Chicago. — O.  W.  Potter,  (History  of  Mills  from 
1857  to  date.) — Iron  Age,  January  zd,  '96. 

Forty  Years  of  Progress  in  the  Pig-Iron  Industry. — John  Birkinbine. 
(Illustrated  description.) — Iron  Age,  January  ad,  '96. 

The  Smelting  of  Titaniferous  Ores. — A.  J.  Rossi.  (General  descrip- 
tion.)— Iron  Age,  February  6th,  '96. 

Note  on  Carbon  Bricks  in  the  Blast  Furnace. — R.  W.  Raymond. — 
Trans.  Amer.  Inst.  Min.  Eng.,  February,  '96. 

Dynamite  in  Blast  Furnace  Practice. — J.  S.  Kennedy. — Iron  Trade 
Review,  February  13th,  '96. 

Present  and  Prospective  Ore  Requirements  of  German  Blast  Furnaces. 
— E.  SchrSdter,  (Paper  read  before  the  Verein  Deutscher  Huttenleute.) 
— Iron  and  Coal  Trades  Rev.,  March  27th,  '96. 

Lighting  of  Blast  Furnaces. — F.  Bicheroux.  (Translated  from  La 
Revue  Univ.  des  Mines.) — Col.  Guard.,  April  2d,  '96. 

A  Blast  Furnace  Shaft  without  Brickwork F.  Biittgenbach.  (Trans- 
lated from  Oest.  Zeits.  f.  Berg  u.  Hutten-wesen.) — Iron  and  Coal  Trades 
Rev.,  April  3d,  '96. 

Blast  Furnace  Heat  Balance  Sheet.— H.  H.  Stock.  (Translated  from 
French — Fabrication  de  la  Fonte.) — Eng.  and  Min.  Journ.,  April  nth, 
•96. 

The  Effects  of  Additions  of  Titaniferous  to  Phosphoric  Iron  Ores  in  the 
Blast  Furnace. — A.  J.  Rossi. — Trans.  Amer.  Inst.  Min.  Engrs.,  April, 
■96. 

Modern  Blast  Furnace  Practice  and  the  Pig-Iron  Manufacture  of  Dif- 
ferent Countries E.  Windsor  Richards.     (Presidential  address  before 

the  Instituleof  Mcch.  Engs.) — Iron  and  Coal  Trades  Rev.,  May  ist, '96. 
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Furnace  Coostniction  and  Fine  Ores. — Guy  R.  Johnson. — Iran  Trades 
Rev.,  May  7th,  '96. 

Blast  Furnaces,  Past  and  Present,  (Historical.) — Iron  and  Steel 
Tradei  Journ.,  July  4th,  '96, 

American  Blast  Furnace  Practice. — John  L.  Stevenson. — Etig.  (Lon- 
don), July  loth,  '96. 

Iron  Making  in  Alabama. — Wm.  B.  Phillips.  (Extract  from  1896 
Report  of  the  Alabama  Geological  Survey.) — Amer.  Afanuf.  and  Iron 
World,  August  14th,  '96. 

Alabama  Furnace  Burdens. — Wm.  B.  Phillips. — Iron  Trades  Rev., 
August  20th,  '96. 

Modem  Blast  Furnaces  and  Production  of  Iron  in  Various  Countries. 
Col.  Guard.,  September  4th,  '96. 

Blast  Furnace  Scaffolds. — E.  Bernard. — Amer.  Manuf.  and  Iron 
World,  October  9th,  '96. 

Shall  We  Use  Calcined  Lime  in  the  Blast  Furnace?— O.  W.  Davis. 
^Discussion.) — Amer.  Manuf.  and  Iron  World,  October  9th,  '96. 

Pig  Iron  Properties. 

Practical  Value  of  the  various  Metalloids  in  Cast- Iron. -^Malcolm  Mc- 
Dowell  Iron  Age,  July  23d,  '96. 

On  the  Rate  of  Diffusion  of  Carbon  in  Iron — Prof.  Roberts  Austen. 
(Abstract  of  paper  before  the  British  Iron  and  Steel  Institute.) — Iron 
and  Steel  Trades  Jour.,  May  i6th,  '96. 

The  Diffusion  of  Metals.— W.  C.  Roberts  Austen.  (Abstract  of  lec- 
ture before  the  Royal  Society.) — Nature,  May  21st,  '96. 

Physical  Tests  and  Chemistry  of  Cast-iron. — W.  J.  Keep.  (Paper  read 
at  the  Urst  National  Convention  of  Foundrymen.) — Iron  and  Coal 
Trades  Rev.,  May  14th,  '96. 

The  effect  of  Expansion  on  Shrinkage  and  Contraction  on  Iron  Castings. 
Thos.  D.  West. — Trans.  Amer.  Inst.  Min.  Engrs.,  April,  '96. 

The  Mobility  of  Molecules  in  Cast  Iron.— A.  E.  Outcrbridge,  Jr 

Trans.  Amer.  Inst.  Min.  Engrs.,  April,  '96. 

Analyses  of  Pig  Irons  used  for  Different  Purposes,  (Discussion,  com- 
position and  uses  of  fire  foundry  irons.) — Eng.  News,  March  26(h,  '96. 

Investigations  on  the  Influence  of  I-ow  Temperature  on  Iron  and  Steel. 
— M.  Rudeloff.  (Results  of  tests  at  the  Imperial  Navy  yard  at  Wilhelm- 
shafen.) — Meek.  World,  London,  March  zoth,  '96. 

Foundry  Practice. 

Foundry  Practice  at  Home  and  Abroad,  (Modern  practice.) — Iron 
and  Coal  Trades  Rev.,  January  31st,  '96. 

Coke  for  the  Foundry Thos.  D.  West.     (Illustrated  by  sections  of 

coke  ovens.) — Iron  Trades  Rev.,  February  13th,  '96. 

Cupolas  and  Cupalo  Practice  up  to  Date. — Ed.  Kirk. — Iron  Trades 
Rev.,  May  28th,  '96. 

The  Action  of  Blast  in  Cupolas. — Thos.  D.  West. — Engineering, 
July  31st,  '96. 

Malleable  Iron. 

The  Direct  Puddling  of  Iron. — Emile  Bonehill. — Iron  and  Steel  Trades 
Jour.,  February  29th,  '96. 
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How  to  Distinguish  Between  the  Different  Kinds  of  Iron  and  Steel. 
(Etch  tests.) — Amer.  Manuf.  and  Iron  World,  February  7th,  '96. 

Micrographic  Analysis  of  Metals. — J.  O.  Arnold. — Iron  and  Coat 
Trades  Jiev.,  February,  '96. 

Manufacture  of  Wrought  Iron, — Iron  and  Coal  Trades  Rev.,  April 
17th  and  May  1st,  '96. 

The  Production  of  Metallic  Bars  of  Any  Section  by  Extension  at  Higti 
Temperatures. — Perry  F.  Nursey. — Bng.,  London,  May  8th,  '96. 

The  Chemical  Composition  and  the  Strength  of  Malleable  Iron. — A. 
Lederber.  (From  Stahl  und  Eisen.) — Iron  and  Coal  Trades  Rev., 
May  isth,  '96. 

The  Conditions  Which  Cause  Wrought  Iron  to  be  Fibrous  and  Steel 

too  low  in  Carbon  to  be  Crystalline W.  F.  Durfee -/our.  FraniUn 

Inst.,  August,  '96. 

Force  and  Mill  Work. 

Development  of  American  Wire  Rod  Rolling. — Wm.  Garret ^ron 

Age,  January  ad,  '96. 

English  and  American  Rolling  Mills. — Engineering,  May  15th,  '96. 

The  Iron  and  Steel  Industries. 

The  Canadian  Pig  Iron  Industry George  E.  Druinmond.     (General 

descriptive.) — Can.  Eng.,  February,  '96. 

The  Iron  and  Steel  Industries  of  South  Russia.  (Description  of  the 
Krivoi  Rog  Iron  Works.)  —Iron  and  Steel  Trades  Jour.,  February  aid, 
■96. 

The  Direct  Production  of  Iron  and  Steel. — Carl  Otto,  (Translated 
from  Stahl  und  Eisen.)— 4»wr.  Manuf.  andiron  World,  March  aoth,  '96. 

The  Manufacture  of  Naval  Forgings.  (American  practice  witli  ex- 
amples of  the  Bethlehem  Iron  Co.). — Iron  and  Coal  Trades  Rev., 
March  a  7th,  '96. 

The  Iron  and  Steel  Industries  of  South  Russia.  (111.  description  of 
Alexandrowsky  Iron  and  Steel  Works.)  Iron  and  Steel  Trades  Jour., 
April  4th,  '96. 

The  Government  Iron  and  Steel  Works  at  Han-Yan,  China. — G. 
Toppe. — Amer,  Manuf,  and  Iron  World,  April  lolh,  '96. 

Production  of  Open  Hearth  Steel  in  the  United  Sutes.  (Statistical 
summary.) — Iron  Age,  April  i6lh,  '96. 

The  Iron  Industries  of  Birmingham  an4  Bessemer. — Jeremiah  Head. — 
Iron  and  Coal  Trades  Rev.,  May  isth,  '96. 

Mond  Producer  Gas  Applied  to  the  Manufacture  of  Steel. — John  H. 
Darby.     Mining  Journal,  May  i6th,  '96. 

The  Iron  Industry  of  Southern  Russia. — M.  Trasenter.  (From  Revue 
Universale  des  Mines.) — Iron  Age,  July  i6th,  '96, 

Steel  Making  at  Birmingham. — P.  C.    Shook Iron  Trades  Ra., 

July  16th,  '96. 

Open -Hearth  Steel. 

The  Nashua  Open-Hearth  Furnace  of  1867 S.  T.  Wellman.  (Illus- 
trated by  sections  showing  construction.) — Iron  Age,  January  ad,  '96. 

The  Troy  Basic  Bessemer  Steel  Plant.  (Illustrated  description.)— 
Iron  Age,  January  16th,  '96. 
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Recent  Progress  in  Open-Hearth  Steel  Making. — Bernard  Dawson. — 
Iron  ami  Coal  Trades  Rev.,  January  31st,  '96. 

Open-Hearth  Practice  in  Gennany.  (Special  regenerator  construction 
for  even  distribution  of  gas  current.) — Iron  Trades  Rev.,  February  6th, 
•96. 

Loss  in  the  Thomas  Process.  (Abstract  from  Stahl  und  Eisen,  quotes 
total  loss  from  13  to  17  ft.') — Amer.  Manuf.  and  Iron  World,  February 
14th,  '96. 

The  Chemistry  of  the  Siemens  furnace. — A.  M.  Dick  and  C.  S.  Padley. 
Col.  Guard.,  February  14th,  '96, 

The  Development  of  Open-Hearth  Steel.  (Quotes  the  construction 
since  1894  of  6a  furnaces,  from  5  to  50  tons  capacity.)  Iron  Age, 
March  12th,  '96. 

Basic  Open-Hearth  Process  at  Grant  City,  111.  fill.)— /row  Age, 
April  i6th,  'g6. 

The  Open-Hearth  Steel  Industry  of  the  United  Kingdom  in  1895. 
(Statistics.) — Iron  and  Coal  Trades  Rev.,  June  lath,  96'. 

The  Wellman  Charging  Machine.     (111.) — Iron  Age,  August  a7th,  '96. 

The  Bertrand-Thiel  Open-Hearth  Process. — Jos.  Hartshorn. — Trans. 
Amer.  Inst.  Min,  Engrs.,  September,  '96. 

Varying  Costs  of  Open-Hearth  Steel. — H.  H.  Campbell. — Iron 
Trades  Rev.,  October  8th,  '96. 

The  New  Basic  Steel  Manufacturing  Process.  Iron  and  Coal  Trades 
Reo.,  October  9th,  96, 

Bessemer  Steel. 

Regulating  the  After-blow  in  the  Basic  Process Iron  and  Coal  Trades 

Rev.,  January  31st,  '96. 

The  Latest  in  "Baby  Bessemer"  Practice. — H.  L.  Hollis.  (Synopsis 
of  paper  entitled  "Notes  on  the  Walrand-Legenisel  process  for  steel  cast- 
ings.")— Iron  Trade  Rev.,  February  a7th,  '96. 

Notes  on  the  Walrand-Legenisel  Steel  Casting  Process. — H,  L.  Hollis. 
— Trans.  Amer.  Inst.  Min.  Engrs.,  July ;  Col.  Guard.,  August  7th,  '96. 

The  Walrand-Legenisel  Process.— H.  L.  Hollis.  (The  addition  of 
ferro-silicon  after  the  drop  of  flame  in  the  converter  to  prevent  formation 
of  blow-holes. ) — Iron  Age,  March  jlh,  '96. 

The  Works  of  Boel  Brotheis,  La  Louviere,  Belgium.  (Illustrated, 
special  feature  of  Bessemer  practice  not  common  in  America.) — Iron  and 
Coal  Trades  Rev.,  March  6th,  '96. 

The  Invention  of  the  Bessemer  Process.  (A  letter  from  Sir  Henry 
Bessemer,  refuting  claims  of  Mr.  Kelly.) — Iron  and  Steel  Trades  Journ., 
March  ai ;  Eng.,  March  37th,  '96. 

The  B^semer  Steel  Industry  of  the  United  Kingdom  in  1S95. 
(Statistics.) — Iron  and  Coal  Trades  Rev.,  June  12th,  '96. 

Steel.     Properties. 

Steel  Rails  in  the  United  States Robt.  W.  Hunt.     (Early  history  of 

Bessemer  practice.) — Iron  Age,  January  2d,  '96. 

Structural  Steel. — James  Christie.  (Popular  article.  )—;,^ar«.  Frank. 
Inst.,  January,  '96. 

Bessemer  on  Nickel  Steel.     (Notes.) — Iron  Age,  February  27th,  '96. 

The  Causes  of  Mysterious  Fractures  in  the  Steel  Used  by  Marine  £n- 
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gineers. — A.  E.  Seaton.  (A  paper  read  before  the  Institute  of  Naval 
Engineers.) — Iron  and Sleei  Trades  Joum.,  March  aSth,  '96. 

Sulphur  in  Mild  Steel. — F.  E.  Thompson. — Iron  Age,  April  2d,  '96. 

Commercial  Tempering. — H.  K.  Landis.  (Treatment  of  Sted  in  la^e 
masses.) — Iron  Age,  April  30th,  '96, 

Nickel  Steel, — Wm.  Beardmore. — Industries  and  Iron,  May  ist,  '96. 

Comparative  Tests  of  Nickel  Iron  Alloys, — David  H.  Browne. — Eng. 
and Min.  Jour.,  May  i6th,  '96, 

Note  on  Mr.  Howe's  Researches  on  the  Hardening  of  Steel. — F.  Os> 
mond. — Iron  and  Steel  Trades  Jour.,  May  i6th,  '96. 

Krupp's  Oxidation  Experiments  with  Iron  and  SEeel  Plates. — H.  Otto. 
(Results  of  1 1  years'  experiments  on  annealed  and  unannealed  irons  and 
steels.) — Iron  and  Coal  Trades  Rev.,  August  14th,  '96. 

Vanadium  Sleel, — Otto  Vogel,  (From  Stah!  und  Eiscn.) — Iron  and 
Coal  Trades  Rev.,  August  21st,  '96, 

Basic  Steel  Rails, — Eng.  News,  August  a7th,  '96, 

The  Micro  Structure  of  Steel  and  the  Current  Theories  of  Hardeuiog,— 
Albert  Sauveur — Trans.  Amer.  Inst.  Min.  Engrs.,  September,  '96. 

Lead. 

The  Lead  Industry  of  the  United  States— E.  A.  Caswell.  (General 
review.) — Iron  Age,  January  2d,  '96. 

Methods  for  the  Collection  of  Metallurgic  Dust  and  Fume. — M.  W. 
lies. — ScH.  OF  Mines  Quar.,  January,  '96. 

Special  Device  for  the  Elevation  of  Slag. — Eng.  and  Min.  Jour.,  Janu- 
ary 18th,  '96. 

Note  on  the  Handling  of  Slags  and  Mattes  at  Smelting  Works  in  the 
Western  United  Sutes.— Wm.  Bradcn.  (Illustrated  descriptive.)— 
Trans.  Amer.  Inst.  Min.  Engrs-,  February,  '96. 

A  modern  Silver-Lead  Smelting  Plant. — L.  S.  Ausdn. — Trans.  Amer. 
Inst.  Min.  Engrs.,  September,  '96. 

Copper. 

The  Copper  Industry  of  the  United  States.—  James  Douglas.  (Elarly 
history  and  subsequent  development.) — Iron  Age,  January  ad,  '96. 

Cost  of  Copper  Production.  (Editorial.) — Eng.  and  Min.  Jour., 
January  nth,  '96. 

Matte  Smelting. — W.  L.  Austin. — Min.  and  Sei.  Press,  March  38th, 
'96. 

Besscmerizing  Nickel  Matte. — H.  W.  Edwards. — Eng.  and  Min.  Jour. 
May  ad,  '96. 

Matte  Smelting  in  California. — Herbert  Lang.  (Description  of  Kes- 
wick Works,  California.) — Eng.  and  Min.  Jour.,  July  asth,  '96- 

Anacon  da  Electrolytic  Copper  Refinery.  (111.) — Eng.  and  Min.  Jour. 
September  19th,  '96. 

A  Hot  Blast  System  for  Copper  Matting  and  Silver  Lead  Furnace. — 
J.  W.  Nesmith. — Min.  and  Sei.  Tress,  October  17th,  '96. 

Silver. 

The  Effect  of  Washing  with  Water  upon  the  Silver  Chloride  on  Roasted 
Ore.  (Discussion  by  L.  D.  Godshall  on  paper  of  W.  S.  Morse.)— TVww. 
Amer.  Inst.  Min.  Engrs.,  February,  '96. 
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The  Lixiviation  of  Silver  Ores. — John  H.  Clemes.  (A  paper  read 
before  the  Institute  of  Civil  Engineers.) — Industries  and  Iron,  March 
20th,  '96. 

The  Volatilization  of  Silver  in  Chloridizing  Roasting. — L.  D.  God- 
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The  Sulphuric  Acid  Process  of  Treating  Lixiviation  Sulphides. — Fred, 
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Engrs.,  July,  '96. 
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nedy Plant,  California;  applicable  to  any  mill  tails.) — Min.  and  Sei. 
Press,  October  ist,  '96. 
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Trans.  Amer.  Inst.  Min.  Engrs.,  February,  '96. 

The  Accumulation  of  Amalgatn  in  Copper  Plates.  (Discussion  of 
paper  by  R.  L.  Baylis,  presented  at  the  Piusburg  meeting,  February, 
1896.) — Trans.  Amer.  Inst.  Min.  Engrs.,  July,  "96, 

Notes  on  the  Hydro- Metallurgy  of  Gold  and  Silver. — W.  G.  Waring. 
— Eng.  and  Min.  Journ.,  May  9th,  '96. 
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June,  '96. 
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August,  '96. 
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D.  C.  Pretand  H.  Taschler.— £/(f.  and  Min.  Journ.,  September  a6th, 
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Aluminum. 

Notes  on  the  electro -crucible  fusion  of  Steel  and  Iron,     B,  H.  Thwaite. 

Iron  and  Coal  Trades  Rev.,  January  31st,  '96. 

The  Manufacture  of  Aluminum  by  Electrolysis  and  the  Plant  at  Nia- 
gara for  its  extraction A.  E.  Hunt.     (Description  of  paper  read  bcfrire 

the  Institute  of  Civil  Engineers.)     Col.  Guard.,  February  14th,  '96. 

The   Aluminum  Industry. — Orrin  E.  Dunlop Min.  and  Set.  Preis^ 

February  isth,  '96. 

The  History  of  Electric  Heating  Applied  to  MeUllurgy — F.P.Dewey. 
—Jour.  Amer.  Chem.  Soc.,  March,  also  Elee.  Rev.,  March  25'^,  '96. 

The  British  Aluminum  Works  at  Payers.  (III.  descriptive.) — Elec. 
Engr.  Lond.,  April  a+th,  '96. 

Electro-Metallurgy  of  Aluminum. — Jos.  W.  Richards.      (VA.')—Jour. 
Franklin  Inst.,  May,  '96. 
Mercury  and  Tin, 

Treatment  of  Quicksand  Ores  in  the  Asturias,  Spain — Eng.  and  Min- 
Joitr.,  August  isth,  '96, 

Tin  Smelting  at  Pulo  Brani,  Singapore.— J  no.  McKillqi  and  T,  Flower 
Ellis.  (A  paper  read  before  the  Institute  of  Civil  Engineers.) — Indus, 
tries  and  Iron,  March  aoth,  '96. 


BOOK  REVIEWS. 

The  Mechameal  Engineering  of  Power  Plants.    By  Frederick  ReiIsen 
HuTTON,  E.  M.,  Ph.  D.,  Professor  of  Mechanical  Engineering  in 
the  School  of  Engineering  of  Columbia  University.     New  Yoric, 
John  Wiley  &  Sons.     London,  Chapman  &  Hall,  Limited.     1897. 
Price,  I5.00. 
Professor  Hutton  has  given  us  a  book  upon  lines  which,  while  by  no 
means  new  to  those  who  have  had  the  opportunity  of  meeting  the  prac- 
tical conditions  of  power  plants  in  actual  operation,  are  until  now  un- 
treated  in   technical  literature.     The  orthodox  text-book  treats  of  the 
dynamical  side  of  engineering  as  if  that  were  the  only  one  in  existence, 
leaving  the  student  to  find  out  by  experience  that  there  were  more  things 
in  heaven  and  earth  than  were  dreamed  of  in  his  limited  philosophy, 
while  here  we  have  clearly  discussed  at  least  some  of  the  things  which 
the  other  books  carefully  leave  out.     Usually  students  are  taught  how 
things  are  made,  but  not  how  they  are  used,  how  they  are  tested  and  ex< 
amined,  but  not  how  they  arc  run.     The  author  of  this  book  tells  us  that 
it  is  his  wish  to  place  all  students  of  engineering  in  the  same  position  as 
those  who  are  fortunate  to  have  had  previous  experience  in  the  shop  or 
power-house,  and  so  far  as  this  can  be  done  by  a  book  the  present  vol- 
ume accomplishes  that  most  desirable  result.     While  there  are  many 
things  which  can  only  be  learned  in  the  hard  school  of  practical  experi- 
ence, every  work  which  gives  us  the  records  of  the  experience  of  mhers 
goes  a  long  way  towards  reducing  the  difficulties  of  the  application  of 
theory  to  practice. 
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After  a  brief  introduclion,  analyzing  and  classifying  the  vari6us  por- 
tions of  a  power  plant,  there  follows  a  very  complete  series  of  chapters 
descriptive  of  all  kinds  of  steam  engines,  with  an  examination  of  details, 
including  the  practice  of  the  leading  builders  all  over  the  country,  llib 
is  followed  by  the  second  part,  treating  of  boilers,  boiler  settings,  fur- 
naces, accessories,  care  and  management,  inspection  and  testing. 

It  is  to  be  noted  that  there  are  many  points  discussed  for  which  one 
may  look  in  vain  in  text-book  literature,  and  yet  which  are  those  with 
which  the  young  engineer  is  most  likely  to  be  called  on  to  cope.  The 
advantages  of  the  horizontal  cylinder,  as  compared  with  the  vertical  ar- 
rangement; the  conditions  favoring  the  beam  mechanism;  the  advan- 
tages of  the  independent  air-pump  operated  at  different  piston  speeds 
from  those  of  the  main  engine;  the  different  methods  of  effecting  con- 
densation— all  these  are  questions  which  do  not  lend  themselves  to  purely 
rational  or  transcendental  treatment,  and  yet  which  rest  on  principles  of 
which  a  sound  training  should  take  account. 

Former  students  of  the  author  (the  last  paragraph  of  the  thoughtful 
preface  will  be  of  special  interest  to  such)  are  likely  to  recognize  a  feature 
of  the  several  chapters  on  which  their  lecture-room  courses  used  to  lay 
special  emphasis,  and  which  is  of  signal  value  to  others  as  well.  It  is  the 
groupii^g  in  concise  and  yet  clear  terms  of  the  advantages  and  disadvan- 
tages of  a  principle  or  a  method  or  a  design.  This  should  be  of  service 
to  young  practitioners  and  others  in  determining  their  altitude  as  respects 
selection  of  type  or  construction  for  given  conditions.  The  author  rarely 
dc^naatizes  on  these  matters,  but  in  a  singularly  impartial  and  judicial 
manner  states  both  sides  of  the  case  and  leaves  the  question  to  be  de- 
cided on  its  merits.  This  is  notably  manifest  in  the  discussion  of  the 
rotary  steam  engine ;  of  the  compound  type  of  engine ;  of  the  throttling 
and  automatic  cut-off  method  of  governing,  and  with  respect  to  the  sec- 
tional principle  in  boiler  construction. 

Another  set  of  most  significant  and  original  chapters  are  those  on  engine 
foundations  and  the  piping  and  accessories  }o  the  steam  supply  and  the 
setting  of  boilers.  These  scarcely  admit  of  a  mathematical  treatment, 
nor  do  ihey  justify  a  purely  descriptive  one.  What  is  needed  is  a  criti- 
cal and  analytical  survey  and  discussion,  such  as  they  receive  at  the 
author's  hands.  The  discussion  on  vibration  of  engines  is  particularly 
sound.  The  chapter  on  valve  gears  is  specially  lucid,  and  another  im> 
portant  one  is  that  on  general  boiler  construction. 

The  chapter  on  the  boiler  furnace  as  the  origin  of  power  is  especially 
to  be  noted  as  a  most  clear  and  satisfactory  presentation  of  an  important 
subject,  and  the  closing  general  remarks  contain  some  excellent  common- 
sense  suggestions  on  points  often  overlooked. 

In  the  appendix  is  found  an  interesting  historical  summary  of  the  de- 
velopment of  power  plants  from  Hero's  (Klopile  to  the  modern  multiple 
expansion  engine,  and  includes  many  new  determining  steps  in  the 
growth  of  the  power  plant.  Here  also  are  given  numerous  notes  and 
references  as  authority  for  the  statements  made  in  the  text. 

These  notes  are  intended  as  the  author  says  to  serve  as  open  doors  into 
the  broader  field  of  detailed  professional  study,  upon  such  questions  as 
naturally  come  up  as  subjects  of  papers  before  engineering  societies.  It 
is  interesting  to  observe  that  the  Transactions  of  the  American  Society  of 
Mechanical  Engineers  and  Kent's  Mechanical  Engineers'  Pocket  Book 
are  the  references  which  occur  most  often. 
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Altogether  the  book  is  a  valuable  contribution  to  a  branch  of  mechan- 
ical engineering  hitherto  treated  in  a  very  different  manner,  and  it  may 
rightly  be  welcomed  to  the  library  of  both  student  and  professional  engi* 
necr.  H.  H.  S. 

The  Materials  of  Construction.  A  Treatise  for  Engineers  on  the 
Strength  of  Rngineering  Material.  By  }.  B.  Johnson,  C.  E., 
Professor  of  Civil  Engineering,  Washington  University,  St.  Louis, 
Mo.  John  Wiley  &  Sons,  New  York.  1897.  787  pages; 
tables,  plates,  diagrams,  illustrations.     Price,  I6.00. 

The  book  is  devoted  almost  entirely  to  the  testing  of  materials,  and  is 
a  compilation  of  wotk  done  by  the  best  modem  experimenter  on  this 
subject.  The  various  kinds  of  tests  are  discussed  in  a  careful  manner 
and  appropriate  fomiulse  given  for  use  in  computing  the  results. 

Characteristic  tests  of  the  different  materials  are  given,  which  are 
interesting  for  purposes  of  study.  These  are  gathered  from  many 
sources,  but  principally  from  the  publications  of  Bauschinger,  Tetmajer 
and  U.  S.  Government.  They  are  given  mostly  in  the  form  of  stress- 
diagrams.  This  is  a  distinct  feature  of  the  book,  and  is  to  be  thoroughly 
commended.  In  no  way  can  the  results  of  a  test  be  so  satisfactorily 
shown  as  by  a  plotted  curve.  It  enables  distinctions  to  be  made  which 
would  be  wholly  lost  in  a  mere  tabulation  of  figures. 

The  author  wisely  drops  the  use  of  the  word  strain,  which  is  always  a 
source  of  confusion  to  students.  On  the  other  hand  he  introduces  a  new 
term,  first  used  by  the  French  Commission,  '^apparent  elastic  limii"  as 
a  substitute  for  " yield- point"  or  " breaking-down  point"  which  have 
been  standard  expressions  among  engineers  for  years.  The  author  also 
gives  an  empirical  method  for  determining  the  position  of  this  point  on  a 
diagram.  It  is  questionable  whether  the  profession  will  take  kindly  to 
these  innovations. 

The  chapters  on  Resilience,  Manufacture  and  Testing  of  Paving 
Brick  and  Micrographic  Analysis  of  iron  and  Steel  are  all  valuable,  and 
out  of  the  ordinary  in  books  of  this  class.  One  would  suppose  from  the 
article,  however,  that  the  use  of  the  microscope  as  a  practical  test  instru- 
ment to  determine  the  quality  of  iron  or  steel  was  confined  to  foreign 
countries,  whereas  most  excellent  work  in  this  line  is  being  done  as  a 
daily  routine  in  some  of  our  largest  steel  works. 

The  chapters  on  the  manufacture  of  iron  and  steel  seem  also  to  be 
largely  taken  from  English  text-books  ;  at  least  the  best  American  prac- 
tice is  not  given.  This  is  particularly  true  of  the  chapter  on  steel,  in 
which  several  of  the  statements  regarding  important  points  in  the  process 
of  manufacture  are  quite  at  variance  with  what  our  steel  makers  consider 
the  best  practice.  The  illustrations  of  steel  converters  are  all  old  types ; 
none  of  the  new  types  are  given. 

The  chapters  on  timber,  its  varieties  and  strength  are  taken  from  the 
Bulletins  of  the  Forestry  Division  of  the  United  States  Agricultural  De- 
partment, and  from  Reports  of  the  Watertown  Arsenal.  They  contain 
much  useful  information,  though  as  a  book  of  reference  for  engineers  its 
value  would  have  been  greatly  increased  if  results  of  tests  from  other  re- 
liable investigators  had  been  given,  particularly  the  work  of  such  men  as 
Professors  Lanza  and  Bovey. 

Indeed  we  are  surprised  that  such  slight  mention  is  made  of  the  very 
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excellent  work  doue  by  Prof.  Lanza,  who  is  a  recognized  authority  upon 
this  subject  by  the  best  engineers  of  the  country. 

Printing  in  the  appendix  the  proposed  standard  specifications  for  test- 
ing is  a  good  idea  and  will  prove  quite  useful  to  students  for  reference. 

The  book  contains  a  large  amount  of  valuable  information,  the  data 
given  being  much  more  up-to-date  and  useful  than  that  contained  in 
most  other  books  of  its  class  now  upon  the  market. 

The  illustrations  used  throughout  the  book  are  as  a  whole  very  poorly 
printed,  and  some  of  them  are  inexcusably  bad.  The  proof-ieading  was 
also  carelessly  done;  many  mistakes  are  noticeable.  I.  H.  W. 

The  Theory  of  Solution  and  its  Results.  By  J.  Livingston  R.  Morgan, 
Ph.  D.    John  Wiley  &  Sons,  New  York.     1897.     6j  pages. 

This  book  is  intended  as  an  introduction  to  the  study  of  the  theory  of 
solution  and  electrolytic  dissociation.  It  is  divided  into  the  following 
chapters :  Theory  of  Solution,  Determination  of  Electrolytic  Disso- 
ciation, Theory  of  the  Voltaic  Cell,  and  Analytical  Chemistry 
from  the  Standpoint  of  Electrolytic  Dissociation. 

Many  chemists  who  have  not  had  leisure  to  keep  informed  on  the  de- 
velopment of  chemical  theory  from  a  mathematical  standpoint  will  wel- 
come this  book  as  giving  in  a  concise  form  a  r^um^  of  the  work  of  Ost- 
wald,  Nernst  and  Kohlrausch.  E.  H.  M. 

Tables  Showing  Loss  of  Head  due  to  Friction  of  Water  in  Pipes.  By 
Edmund  B.  Weston,  C.  E.  Van  Nostrand  &  Co  1896.  Flexi- 
ble covers ;   171  pages. 

The  water-works  engineer,  in  common  with  his  professional  brethren 
in  all  other  lines  where  experience  and  knowledge  have  to  be  applied  to 
cases  where  judgment  determines  an  aggregate  first  cost  of  considerable 
extent,  is,  perhaps,  more  troubled  to  decide  on  a  wise  diameter  of  water 
mains  than  in  almost  any  other  detail  of  his  professional  work.  If  the 
friction  in  the  pipe  is  wrongly  calculated  by  over-estimating  it,  a  diame- 
ter will  be  chosen  which  increases  the  original  outlay  considerably  be- 
yond what  it  would  be  if  a  smaller  value  had  been  chosen  for  the  friction, 
but  as  time  goes  on  and  the  pipes  roughen  by  oxidization  and  other 
causes,  and  the  mains  are  also  taxed  by  the  growth  of  the  population  and 
the  consequent  consumption  of  water,  the  reputation  of  the  engineer 
suffers,  and  he  can  never  explain  the  motive  of  his  original  economy. 

Mr.  Weston's  book  aims  to  divide  the  conditions  for  the  flow  of  water 
in  the  pipes,  as  derived  from  experiment,  into  three  great  classes ,  He  in- 
cludes in  his  first  class  the  experiments  with  smooth  or  drawn  pipes,  such 
as  will  have  a  surface  resembling  lead  or  brass.  His  second  class  is  new 
cast-iron  pipes,  and  his  third  is  old  cast-iron  pipes  whose  interior 
surfaces  have  become  roughened  by  use  and  oxidization.  The  formula 
which  he  derives  for  smooth  pipes  is  used  in  computing  his  Table  No.  1, 
which  is  the  result  of  238  experiments  made  with  27  different  pipes  with 
smooth  interiors  and  the  sizes  ranging  from  J^  to  3  inches.  He  adds  a 
supplementary  table  of  theoretical  velocity  as  the  projection  of  his  curve 
outside  of  experiments  for  results  beyond  the  highest  limits  of  his  first 
table.  The  tables  give  the  mean  velocity  in  feet  per  second  with  head 
required  to  produce  this  velocity;  the  discharge  in  gallons  per  minute; 
the  loss  of  head  in  feet  for  each  100  feet  caused  by  friction  per  twcnly- 
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four  hours  and  a  rebate  for  loss  of  head  due  to  orifice  of  influx.  Mr. 
Weston's  formula  was  published  in  the  Transactions  of  the  A.  S.  C.  E., 
Vol.  XXII.,  1890.  The  application  of  his  tables  is  given  in  a  series  of 
practical  examples. 

In  the  second  group  is  a  series  of  tables  giving  the  same  data  for  pipes 
increasing  by  the  usual  intervals  from  four  to  sixty  inches  in  diameter 
and  is  calculated  by  the  formulae  of  H.  Darcy  which  are  given  in  his 
work,  Recherqhes  Experiraentales  Relatives  au  Mouvcment  de  L'eau  dans 
les  Tuyaux.  These  formulae  which  were  originally  expressed  in  French 
measures  are  reduced  to  their  English  equivalents  and  are  given  in 
their  two  forms  with  their  velocity  of  flow  less  than  0,33  feet  per  second 
and  for  velocities  exceeding  that  limit.  There  is  also  a  supplementary 
table,  as  in  the  first  case,  carrying  the  curve  of  theoretical  velocities  be- 
yond the  highest  limits  of  the  second  table  and,  as  before,  examples  of 
the  practical  applicaiion  of  the  formulae  and  tables  follow. 

The  loss  of  head  due  10  friction  in  pipes  that  have  been  in  service  for 
five  years  or  more  and  which  have  become  rough  on  the  inside  is  made 
by  extending  and  modifying  the  Darcy  Formula  by  the  use  of  multipliers 
given  in  a  table.  These  multipliers  increase  with  the  number  of  years  of 
pipe  service  and  are  derived  from  a  number  of  experiments  m^e  with 
such  old  pipe. 

The  book  will  be  found  a  very  convenient  and  compact  hand-book  for 
the  use  of  those  who  have  this  sort  of  problems  to  handle,  but,  of  course, 
as  in  handling  the  Kutter  and  other  hydraulic  formula  the  use  of  tatJes  is 
a  help,  but  does  not  do  away  with  the  necessity  for  an  experience  and 
skillfulness  in  judgment  upon  the  part  of  the  engineer.  F.  R.  H. 

Elemtntary  Geology.  By  Ralph  S.  Tarr.  New  York,  The  Macmillan 
Co.     1897.     ii.40.     Pp.  XXX,  499.     Figs.  i68  ;  plates  35. 

Within  a  few  months  two  books  on  geology  for  beginners  have  ap- 
peared ;  one  by  Professor  Angelo  Heitprin  and  the  other  the  one  before 
us.  It  is  understood  that  a  new  edition  of  Professor  Dana's  elementary 
book  is  also  in  preparation  by  Professor  Wm.  North  Rice,  so  that  a  third 
may  be  soon  expected.  Professor  Scott's  recent  work,  to  be  reviewed  in 
our  next  number,  is  more  advanced  and,  although  a  recent  issue,  it  be- 
longs in  a  different  class  and  is  adapted  to  older  students. 

The  first  thing  that  impresses  the  reader  of  Professor  Tarr's  book  is  the 
change  in  the  amount  of  space  allotted  to  the  different  branches  of  the 
subject,  as  contrasted  with  our  earlier  books.  Of  old  it  was  the  custom 
to  enlarge  on  the  historical  portion  of  the  subject,  on  the  record  of  past 
events  in  the  rocks,  and  on  the  remains  of  organisms  now  extinct  that  are 
found  in  the  strata  of  the  different  periods.  The  interest  of  the  student 
was  usually  excited  by  the  significance  of  these,  while  the  physical  or 
dynamical  phases  of  the  subject  were  treated  very  largely  as  a  key  where- 
with to  interpret  the  conditions  that  surrounded  the  ancient  organisms. 
The  revival  of  the  study  of  physical  geography  and  its  adaptation  to 
youthful  minds  has  led  to  shifting  the  preponderance  of  treatment  to  the 
physical  side  in  Professor  Tarr's  book,  and  the  historical  portion  embraces 
but  a  scant  quarter  of  its  pages.  The  author  strongly  advocates  this 
method  of  presenting  geology  to  youthful  students  and  has  many  con- 
siderations of  weight  wherewith  to  fortify  the  contention.  The  operations 
of  present-day  forces  and  their  results  are  always  before  us  and  they. 
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therefore,  appeal  more  strongly  to  a  school  boy  or  girl  than  do  the  same 
things  in  past  geological  time,  and,  certaioly,  when  a  course  in  geology  is 
meant  to  be  introductory  to  one  in  physical  geography,  this  method  of 
treatment  is  inevitable.  For  older  students  it  would  be  a  grave  error,  and 
it  is  a  little  difficult  for  a  revietrer,  accustomed  to  teaching  older  students, 
to  adjust  his  point  of  vieir  sufhciently  to  appreciate  the  benefits  of  Profes- 
sor Tarr's  plan  and  to  remember  that  the  different  character  of  his  book's 
constituency  may  demand  the  change  in  presentation. 

As  is  indicated  by,thc  number  of  figures,  368  and  plates  35,  the  book 
is  richly  illustrated,  anci,  in  general,  acceptably.  For  minerals  or  fos- 
sils, however,  line  sketches  or  drawings  are  much  more  significant  than 
photographs,  because  the  objects  present  so  slight  relief,  and  because  the 
dravriog,  especially  of  a  fossil,  brings  out  the  salient  features  better.  The 
book  is  written  in  a  facile  and  entertaining  style,  indicating  that  the 
author  writes  easily — a  valuable  gift,  but  one  to  be  used  with  discretion 
in  scientific  work,  J.  F.  K. 

Metals,  Their  Properties  and  Treatment.  By  A.  K,  Huntington  and 
W,  G.  McMillan.     Longmans,  Green  &  Co.     tSgy. 

The  authors  state  in  the  preface  that  their  object  is  to  make  clear  the 
principles  which  have  guided  the  evolution  of  the  metallurgical  arts  and 
industries,  avoiding  multiplicity  of  detail  which  tends  to  obscure  main 
issues,  but  in  the  preparation  of  this  work  it  can  hardly  be  said  that  they 
have  attained  success. 

As  regards  the  use  of  the  work  as  a  standard,  the  field  covered  is  al- 
most entirely  English  practice.  American  and  German  practice  is  scantily 
and  shabbily  treated  as  will  be  set  forth  in  detailed  criticism  later. 

Important  practical  details  as  to  output,  application,  etc.,  are  mainly 
conspicuous  by  their  absence. 

For  instance,  under  Ore  Crushing,  no  mention  is  made  of  the 
Gates  crusher  and  under  Stamps,  while  they  are  described  in  a  gen- 
eral way  with  sufficient  clearness  to  present  a  fair  idea  of  constructioD, 
not  a  word  is  given  as  to  screen  sizes  or  outputs. 

Likewise  under  roasting  furnaces,  from  the  description  of  construction 
an  adequate  idea  can  be  formed  of  the  various  types,  but  as  to  whether 
100  pounds  or  too  tons  can  be  treated  daily,  the  students  is  left  to  search 
elsewhere.  Under  the  blast  furnace  practice  for  pig  iron  an  illustration 
is  given  entitled  a  "modern  blast  furnace,"  in  which  the  only  water 
cooled  part  is  the  tuyere  and  the  blast  pressure  is  quoted  as  4^  to  5 
pounds,  giving  a  daily  extreme  output  of  400  tons  of  pig  iron. 

To  cite  this  furnace  as  a  "  modern  "  furnace  or  to  quote  these  figures 
as  modem  practice  is  certainly  misleading  wheu  we  view  the  magnifi- 
cent record  of  the  Duquesne  furnace  of  the  Carnegie  plant,  water  cooled 
from  bosh  downward,  running  under  a  blast  pressure  of  14  to  16  pounds 
and  yielding  the  average  monthly  output  of  over  500  tons  of  pig  iron 
daily,  with  a  special  run  of  640  tons  in  one  day. 

Under  the  manufacture  of  open-hearth  steel  no  illustration  of  the  fur- 
nace is  given,  while  our  old  friends  of  ancient  utility,  long  since  aban- 
doned, the  Blair  furnace  and  the  Siemeo's  rotary  furnace,  are  graced  with 
detailed  illustrations.  Under  Besscmerizing  copper  mattes,  no  illustra- 
tions are  given  of  the  converters  used  and  mention  by  name  only  is  made 
of  the  trough  converter,  which  is  used  to  so  great  an  extent  in  this  branch 
of  metallurgy. 
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The  authors  SUtC  that  "  it  is  not  expedient,  usually,  to  bring  the  molten 
matte  from  the  furnace  to  the  converter,"  while  as  a  matter  of  fact  mod- 
em practice  is  so  to  do.  The  converters  at  Great  Falls,  Butte,  Anaconda, 
Arizona  and  elsewhere  handle  the  molten  matte  direct  from  the  furnaces 
to  converters,  either  by  ladle  or  bodily  picking  up  the  converter  in  a 
horizontal  position  by  overhead  crane  and  tapping  matte  direct,  returning 
the  converter  to  its  stand  for  subsequent  B«semerizing.  It  is  obvious 
that  taking  the  molten  matte  direct  from  the  furnace  is  economy  in  fuel. 
In  ordinary  smelting  of  ore  to  50  per  cent,  matte,  about  13  per  cent,  of 
fuel  is  consumed  and  to  simply  melt  50  per  cent,  matte  in  a  cupola  fur- 
nace requires  9  per  cent,  of  fuel,  so  that  in  the  present  state  of  keen 
competition  this  important  factor  of  economy  is  stated  by  the  authors  as 
being  "  usually  inexpedient." 

Under  the  electrolytic  refining  of  copper  this  important  branch  of  the 
subje<tt  M  fully  detailed  in  two  pages  of  most  general  description.  No  idea 
is  given  of  the  size  of  anodes  and  cathodes,  the  number  per  tank,  or 
the  number  of  tanks  generally  employed  and  no  mention  is  made  of  the 
two  radically  different  systems,  the  multiple  and  the  series.  The  detuls 
given  are  so  misleading  as  to  be  valueless. 

Another  ancient  friend,  the  Pattinsonage  method  of  desilverizing  base 
bullion,  occupies  seven  pages  fully  illustrated,  while '[the  Parkes  process 
of  zinc  desilverisation,  by  which  practically  all  desilverizing  of  baie  bul- 
lion is  accomplished  at  the  present  time,  is  briefly  dismissed  in  two  pages. 

These  pertinent  criticisms  are  condemnatory  for  the  use  of  the  work 
either  as  a  general  text-book  or  for  correct  information  and  its  value  from 
a  practical  standpoint  is  seriously  called  into  question.  It  might  be 
useful  in  teaching  students  from  twelve  to  fourteen  years  of  age  or  to  ob- 
tain a  cursory  knowledge  of  the  subject  from  a  popular  view. 

It  is  to  be  regretted  that  the  authors  did  not  entirely  rewrite  the  subject 
matter  rather  than  amend  the  old  work  of  Bloxam,  published  in  1871, 
as  much  of  the  original  could  have  been  omitted  with  profit,  in  view  of 
the  present  conditions  of  practice. 

The  work  consists  of  562  pages,  of  good  typography  and  good  quality 
of  paper,  bound  in  board  covers.  J.  S, 

EUmenis  of  Mineralogy,   Crytlallograpky  and  Blowpipe  Analysis.     By 
Alfred  J,  Moses,   Adjunct  Professor   in   Mineralogy.  Columbia 
School  of  Mines,  and  Charles  Lathrop   Parsons,  Professor  01 
General    and    Analytical    Chemistry,    New    Hampshire    College. 
New  York,   D,   Van   Nostrand   Co.     Second  Thousand.      1897. 
Pp,  vii,  and  342.     Figs.  336.     $2. 
The  first  edition  of  this  work  was  reviewed  in  the  Quarterly  of  Jan- 
uary, 1895,  p.  190..    The  second  edition  differs  only  in  the  correction  of 
certain  olserved  errors.     The  work  has  met  with  a  favorable  reception 
and  is  used  as  a  text-book  in  fifteen  or  twenty  colleges  and  schools. 

Problems  and  Questions  in  Physics.     By  Charles  P.  Matthewb,  M.E., 

and  John  Shearer,  B.S.     The  Macmillan  Company,  New  York. 

1897.     «i.6o. 

This  work  is  comprised  of  243  pages,  bound  in  board  covers   and  of 

excellent  typography  and  quality  of  paper.     It  is  well  illustrated  by  107 

carefully  prepared  cuts. 
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The  subject  treated  is  divided  as  follows  : 

Measurement  and  Units ;  Physical  Tables ;  Directed  Quantities; 
Graphic  Methods ;  Averages ;  Approximations ;  Mechanics  of  Solids ;  of 
Liquids  and  Gases;  Heat;  Electricity  and  Magnetism  ;  Sound  and  Light; 
Mathematical  Tables  ;  Answers  ;  Index, 

Each  problem  is  numbered  in  consecutive  order,  and  answers,  when 
necessary,  are  grouped  in  a  separate  section  at  the  last  of  the  book. 

The  authors  are  to  be  congratulated  in  preparing  so  valuable  a  work 
for  student  use.  It  is  admirably  arranged  and  commends  itself  to  all  by 
its  clear  and  concise  expressions.  J.  S. 
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DEPARTMENT  OF  METALLURGY. 

Professor  H.  M.  Howe,  of  Boston,  has  accepted  the  professorship  in 
metallu^y,  dating  from  July  ist,  the  official  time  of  Dr.  Egleston's  resig- 
nation. The  university  is  to  be  congratulated  in  securing  so  able  a  man 
to  61!  the  chair.  Mr.  Howe's  high  reputation  as  an  expert  in  steel  and 
the  world-wide  acceptance  of  his  "  Metallurgy  of  Steel,"  as  the  authority 
on  the  subject,  endorse  his  abilities. 

Since  January  i,  1897,  the  date  of  Professor  Egleston's  withdrawal 
from  active  duties,  the  lectures  in  metallurgy  have  been  in  charge  of  Dr. 
Strmhers.  Professor  Howe  has  kindly  arranged  to  deliver  a  series  of 
eight  special  lectures  on  steel,  embracing  its  properties  and  its  manufac- 
ture by  the  crucible,  cementation  and  Bessemer  processes. 

Mr.  W.  B.  Devereux,  School  of  Mines,  '78,  has  delivered  six  sup- 
plementary lectures  on  the  general  metallurgical  practice  in  the  West, 
dealing  with  the  subject  from  an  economic  standpoint.  Mr.  Devcreux's 
extensive  practical  experience  renders  him  particularly  Atted  to  deal  with 
this  subject  in  an  able  manner.  The  subject  matter  of  these  lectures  will 
be  published  in  the  School  of  Mines  Quarterly,  beginning  with  the 
forthcoming  issue. 

On  March  13th,  the  fourth-year  students  talcing  the  lectures  in  metal- 
lurgy visited,  under  the  supervision  of  Dr.  Struthers,  the  works  of  the 
Nichols  Chemical  Company  at  Laurel  Hill,  N.  Y.  The  departments 
dealing  with  ore  roasting,  copper  matte  smelting,  Bessemerizing  copper 
matte  to  blister  copper,  and  the  refining  and  casting  of  blister  and  cathode 
copper  were  carefully  studied.  The  time  was  spent  in  a  very  profitable 
and  interesringly  manner.  On  behalf  of  the  students  and  the  department 
we  wish  to  hereby  publicly  acknowledge  the  thanks  due  to  Messrs. 
Heresshof,  Ferguson  and  Masters  for  courtesy  and  attention  shown. 
Their  cordial  reception  added  much  to  the  pleasure  of  the  trip. 

On  April  loth  the  same  studenls,'under  charge  of  Dr.  Struthers,  vis- 
ited the  works  of  the  Guggenheim  Smelting  and  Refining  Company,  at 
Maurer's,  near  Perth  Amboy,  N.  J.,  and  were  cordially  received  by 
Messrs.  Allen  and  Eakins,  the  former  in  charge  of  the  lead  smelting  and 
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refining  department  and  the  latter  id  charge  of  the  electrolytic  refiDing 
of  copper. 

The  entire  equipment  was  inspected  and  the  course  of  the  base  bullion 
and  blister  copper  to  final  products  of  lead,  copper,  gold  and  silver,  was 
studied  in  detail. 

The  lead  plant  consists  of  four  65-ton  softening  furnaces  and  desilver- 
izing kettles ;  furnaces  for  refining  the  lead  from  the  kettles,  each  with  its 
cerrcsponding  smaller  kettle  from  which  the  retined  lead  is  cast  into 
bars;  tilting  retort  furnace  for  distillinf;  the  zinc  from  the  skimmings; 
cupelling  furnaces  for  bringing  the  retort  metal  to  fine  bullion ;  furnaces 
for  working  up  the  antimonial  skimmings  to  hard  lead  and  two  blast 
furnaces  for  treating  all  residues.  Many  interesting  details  of  modem 
practice  were  studied,  including  the  mechanical  appliances  for  incorpo- 
rating the  zinc  in  the  kettles  and  the  "  drying  "  of  the  zinc  skimmings. 
The  special  construction  of  cupelling  furnaces  and  others  merited 
particular  attention. 

The  refining  of  copper,  as  carried  out  here,  consists  of  several  large  re- 
verberations in  which  the  crude  converter  metal  or  blister  copper  is  re- 
fined and  cast  into  anode  plates.  The  electrolytic  refining  of  copper  is  ac- 
complished in  a  scries  of  400  tanks  arranged  in  four  divisions  on  the 
multiple  system,  with  gravity  circulation.  The  Cathode  plates  are 
shipped  as  such  or  refined.  The  residual  mud  in  the  tanks  consists  of 
the  gold  and  silver  of  the  converter  metal  with  about  an  equal  amount  of 
copper  ;  this  mud  has  the  copper  removed  by  solution  and  the  silver  and 
gold  melted  down  to  Dor^  bars  for  the  electrolytic  separation  by  the 
Moebie us  process.  The  day  was  most  interestingly  spent  with  profit  to 
all  and  the  thanks  of  the  students  and  the  department  are  heartily  ex- 
tended to  Messrs.  Allen  and  Eakins,  whose  courtesies  were  fully  appre- 
ciated. 

From  the  students  standpoint  the  trips  to  smellers  and  refineries  are  of 
inestimable  value,  as  thereby  they  are  able  to  obtain  the  practical  view  of 
the  subject-matter  of  the  lectures.  In  addition  their  knowledge  becomes 
more  rounded  as  they  acquire  the  practical  as  well  as  the  theoretical 
considerations  involved. 

DEPARTMENT  OF  GEOLOGY. 

Preparations  have  been  in  progress  for  removal  next  summer,  and 
many  preliminaries  have  been  arranged.  Materials  not  needed  at  present 
have  been  packed  in  boxes  and  have  been  gradually  transferred  to  the 
new  site,  where,  in  the  old  asylum  building,  a  storage  room  has  been 
courteously  assigned  to  the  department  by  Mr.  Darling. 

Prof.  Kemp  had  charge  of  the  exhibits  in  Geology  at  the  reception  of 
the  New  York  Academy  of  Sciences,  April  5  and  6,  and  Mr.  van  Ingen 
of  those  in  Paleontology.  The  exhibition  was  a  most  successful  one,  and 
in  all  departments  Columbia  was  well  represented. 

A  very  interesting  series  of  granite-porphyries  and  phonolites  has 
recently  been  received  from  C.  S-  Herzig,  Mines,  '95,  who  collected  them 
in  the  Little  Rocky  Mountains,  while  malting  some  raining  developments 
inthisnew  region.  TheLittleRockieslieabout  iSomileseastofthemain 
Rockies  and  rise  as  an  insolated  group  in  the  plains  of  northeastern  Mon- 
tana.    There  has  been  some  interest  in  the  gold  resourcesof  the  group,  and 
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themountains  have  been  described  geologically  by  Mr.  W,  H.  Weed,  Mines, 
'8  J,  of  the  U.  S.  Geological  Survey,  and  Professor  L.  V.  Piisson,  of 
Yale.  Mr.  Weed  has  been  doing  a  great  deal  of  important  and  extieinely 
iatcFcsting  work  in  the  small  outlying  ranges  in  Montana. 

Monograph  XXVII.  of  the  U.  S.  Geological  Survey  has  just  been  issued, 
and  is  entitled  "  Flora  of  the  Amboy  Clays."  It  is  a  posthumous  work 
of  Dr.  Newberry's,  and  has  been  carefully  edited  and  prepared  for  publi- 
cation by  Mr.  Hollick,  as  the  manuscript  was  left  uncompleted  by  Dr. 
Newberry.  The  contributions  of  the  Geological  Department,  embracing 
two  separate  and  complete  works,  have  now  completed  six  volumes,  and 
represent  the  work  of  the  staff  during  the  last  six  years. 

Dr.  A.  A.  Julien  has  been  assigned  to  the  Geological  Department  for 
next  year,  and  will  have  special  charge  of  the  collections  in  Economic 
Geology  and  of  rocks,  and  will  offer  some  special  couises.  Dr.  Julien 
will  thus  resume  lines  of  work  which  occupied  his  attention  in  earlier 
years,  and  which  have  been  unavoidably  laid  aside,  meantime,  for  other 
duties. 

DEPARTMENT  OF  MECHANICAL  ENGINEERING. 

The  routine  work  of  the  Department  is  progressing  at  this  time  with 
the  usual  energy  of  the  day  when  graduating  theses  are  the  principal 
thought  of  the  Fourth  Class.  By  the  courtesy  of  the  De  La  Vcrgne  Re- 
frigerating Company  one  of  their  seven -horse- power  oil  engines  has  been 
loaned  and  is  the  subject  of  one  of  the  theses,  while  others  are  working 
upon  the  regular  laboratory  equipment.  Comparative  tests  of  injectors, 
tests  of  the  efficiency  of  the  Delaval  ten -horse- power  steam  turbine  and 
of  the  Otto  gas  engine,  and  of  the  efficiency  of  roller  bearings  for  shaft- 
ing and  the. like,  are  in  progress  at  the  same  time  that  the  regular  routine 
work  of  testine  is  going  on  in  almost  the  same  space.  The  congestion  of 
the  mechanical  laboratories  makes  the  prospect  of  the  relief  at  the  new 
site  a  most  agreeable  one. 

The  laboratory  has  recently  been  enriched  by  the  purchase  of  an  inter- 
esting historical  relic.  The  first  patents  in  this  country  for  successful 
shaft  governing  of  high  speed  engines  were  taken  out  in  1873  by  the  late 
John  C.  Hoadley.  To  illustrate  the  working  of  these  single-valve  auto- 
matic engines  with  shaft  governors,  a  model  was  exhibited  at  the  Cen- 
tennial Exhibition  of  1876,  and  on  the  close  of  the  exhibition  was  bought 
by  the  Merrimack  Manufacturing  Company  of  Lowell,  where  it  has  been 
used  as  a  subsidiary  and  extra  engine  ever  since.  As  the  first  engine 
built  with  a  shaft  governor,  which  is  now  almost  universal  in  high-speed 
practice,  the  engine  was  of  special  interest  and  its  possession  as  one  of  the 
experimental  engines  of  the  new  laboratory  of  the  Mechanical  Engineer- 
ing Department  will  be  of  notable  significance. 

The  development  of  the  Henry  R.  Worthington  Lalxiratory  has  also 
been  a  subject  which  has  been  much  before  the  Department  during  this 
winter.  The  steam-pump  equipment,  which  forms  the  basis  of  Mr. 
Worthington's  gift,  embodies  a  triple- expansion  duplex  steam  engine, 
having  a  capacity  of  1,000  gallons  a  minute.  This  will  dischaig;e  into  a 
closed  steel  tank,  within  which  the  necessary  pressure  will  be  maintained 
from  an  air  compressor  operating  at  the  same  time  that  the  pump  is  at 
work.     The  air  will  be  delivered  from  this  air  chamber  into  over-head 
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tanks,  from  which  the  weir  discharges  will  be  taken  aod  caught  and 
measured  in  the  necessary  catch-tanks.  Foi  intermediate  pressure,  nin- 
ning  up  to  1,000  lbs.  lo  the  square  inch,  a  second  duplex  pump  operatts 
with  a  steam  accumulator,  which  forms  a  part  of  the  machine  itself  and 
permits  a  wide  range  of  special  orifice  work  which  the  lower  pressures  of 
the  first  pump  do  not  permit. 

For  investigations  in  a  very  interesting  and,  as  yet,  untried  field,  a 
third  pump  with  its  steam  accumulator  will  carry  pressures  up  to  5,000 
lbs.  to  the  square  inch.  It  is  believed  that  in  these  two  latter  fields, 
as  well  as  in  many  of  its  other  features,  the  Columbia  Hydraulic 
Laboratory  will  be  uncqualed.  In  addition  to  these  two  other  features, 
the  Worthington  gi^  includes  meters  of  quite  a  wide  range  of  capacity  of 
the  piston  type,  together  with  subsidiary  and  smaller  hydraulic  appliances, 
special  gauges  and  the  like. 

By  the  kindness  of  friends  of  the  head  of  the  Department,  the  interest 
of  other  firms  has  been  enlisted  in  cooperation  in  the  equipping  of  the 
Department  of  the  Hydraulic  Laboratory.  The  Lawrence  Machine 
Company,  of  Lawrence,  Mass.,  by  the  active  cooperation  of  Mr.  Wm. 
O.  Webber,  of  Boston,  have  consented  to  make  a  gift  to  the  Laboratory 
of  a  centrifugal  pump  of  their  well-known  pattern,  having  a  suction  orifice 
of  6  inches  and  a  delivery  of  5  inches.  This  gives  a  capacity  of  600 
gallons  per  minute  under  low  heads,  which  will  be  mainly  used,  and 
there  is  an  opportunity  for  the  proper  test  of  special  hydraulic  motors 
operating  with  volume  rather  than  pressure.  Stimulated  by  this  example, 
the  Morris  Machine  Works,  of  Bald  win  sville,  N.  Y.,  have  promised  a 
similar  gift,  which  is  likely  to  take  the  form  of  a  centrifugal  pump,  with 
its  special  direct  couple  engine,  making  a  superb  piece  of  laboratory  ap- 
paratus, because  the  engine  becomes  an  experimental  steam  engine  with 
Its  resistance  directly  coupled  to  it  and  directly  measured.  The  Rife 
Hydraulic  Engine  Manufacturing  Company,  of  Roanoke,  Va. ,  contribute 
one  of  their  No.  40  engines,  operating  a  double-action  hydraulic  ram 
engine  with  4"  drive  pipe  and  lifting  from  35  to  75  gallons  per  minute. 
The  Builders'  Iron  Foundry,  of  Providence,  through  their  Treasurer, 
Mr.  R.  A.  Robertson,  contribute  an  8"  Venturi  Meter,  which  it  is  ex- 
pected to  use  in  connection  with  the  tests  to  be  made  upon  the  centrifugal 
pumps  and  in  general  hydraulic  operations  upon  a  large  scale.  N^otia- 
tions  are  in  progress  for  adding  the  types  of  water-moving  machinery 
which  are  still  lacking,  to  make  the  Laboratory  absolutely  complete,  as  a 
sample  of  its  class,  but  enough  has  already  been  promised  as  the  result  of 
the  winter's  effort  to  make  the  authorities  feel  that  they  are  justified  in 
the  claim  that  the  Mechanical  Engineering  Department  in  this  field  will 
be  far  in  advance  of  anything  to  be  found  elsewhere  la  this  country,  and 
if  this  is  true  then  in  the  world. 

In  the  other  lines  of  development  the  cooperation  of  interested  donors 
has  also  been  most  helpful.  The  machinery  of  transmission  is  to  be 
very  materially  strengthened  by  gifts  from  the  Dodge  Manufacturing 
Company,  of  Mishawaka,  Ind.;  from  the  Automatic  Friction  Clutch 
Company,  of  Erie,  Pa.;  from  the  Rockwood  Manufacturing  Company, 
of  Indianapolis,  Ind.;  from  the  Almond  Clutch  and  Coupling  Company, 
of  which  the  exact  detail  will  be  made  public  at  a  later  date. 

In  the  Department  of  Steam  Engineering  for  the  equipment  of  the 
Laboratory  the  advantages  have  b^n  much  considered  and  have  been 
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decided  upon,  so  far  as  possible,  of  giving  to  the  power  machinery  of 
the  Laboratory  the  complexion  of  air  compressors.  The  air  compressor, 
as  a  type  of  experimental  steam  engine,  offers  some  notable  advantages. 
It  contains  itsown  resistance,  which  can  be  large  and  up  to  the  full  capacity 
of  the  steam  cylinder.  The  resistance  is  clean  and  easily  controlled. 
The  resistance  is  measured  by  the  same  appliances  which  are  used  in 
measuring  the  effort  of  the  steam,  and  the  resistance  can  be  stored  and 
used  again  in  motors  of  the  same  class  as  the  original  compressing  and 
steam  cylinder  whereby  the  complete  circuit  of  performance  can  be 
studied.  If,  in  addition,  the  air  compressor  can  be  made  of  a  type  in- 
volving several  stages,  both  in  the  steam  and  its  air  end,  an  additional  and 
most  interesting  group  of  combinations  is  made  pos^le  by  the  use  of 
reheaters  between  the  steam  cylinders  and  intercoolers  between  the  air 
cylinders.  Farthermore,  this  kind  of  experimental  steam  engine  opens 
up  the  field  in  which  variations  of  temperature,  as  well  as  variations  of 
pressure,  can  be  introduced  and  the  general  subject  of  mechanical  re- 
frigeration. There  is  still,  at  this  writing,  a  wide  opportunity  for  devel- 
opments of  the  Testing  Laboratory,  which  has,  as  yet,  receiv«l  no  atten< 
tioQ. 

The  subject  of  the  mechanics  of  hoisting,  as  applied  in  hydraulic  ele- 
vators, is  to  be  made  a  special  feature  of  opportunity  for  study  by  the 
provisions  in  the  Otis  elevator,  which  is  to  be  put  up  in  the  Engineering 
building  for  the  attachment  of  all  sorts  of  measuring  and  dynamometric 
appliances.  This  elevator  is  a  gift  to  the  University  by  the  Otis  Com- 
pany, who  have,  in  addition,  given  to  the  machine  this  special  educa- 
tional bias.  Similarly  the  ventilation  of  the  big  laboraory  of  Mechani- 
cal Engineering  is  done  by  a  specially-fitted  Sturtevant  blower,  which, 
with  its  appliances,  becomes  the  nucleus  of  a  pneumatic  laboratory. 
The  University  is  indebted  for  this  to  the  combined  interest  of  Messrs. 
G.  A.  Suter,  Alfred  A.  Wolff  and  the  Sturtevant  Company,  of  Boston. 

Professor  Hutton's  book,  which  he  has  called  the  Mechanical  Engi- 
tuerittg  ef  Power  Plants,  appeared  in  February,  and  is  in  use  as  a  text- 
booJt  in  his  department  in  the  second  and  third-year  electrical  courses, 
and  in  the  third  and  fourth-year  of  the  other  engineering  courses.  It 
embodies  and  extends  the  courses  in  engines  and  boilers  which  so  many 
graduates  will  remember  {Alumni  may  perhaps  read  the  dedicatory  para- 
graph at  the  close  of  the  preface  with  interest),  and  the  method  of  using 
the  text-book  seems  to  be  working  well.  'Hie  projecting  lantern  with 
electric  arc  lamp  is  used  in  the  light  room  without  darkening  by  shades 
to  throw  upon  the  screen  views  of  either  the  type  illustrated,  or  better 
still  of  variants  from  the  type  in  the  text,  and  the  recitations  are  based 
upon  these  projections,  so  as  to  make  the  class-room  exercise  resemble 
what  in  other  departments  is  called  a  clinical  exercise.  So  far  from  the 
use  of  a  text-book  taking  from  the  value  of  the  class-room  instruction, 
and  making  the  personal  factor  of  the  instructor  less  important,  this 
method  tends  to  give  greater  value  to  the  oral  instruction  than  under  the 
former  lecture  system,  while  admitting  of  enormously  greater  thorough- 
ness and  exhaustive  treatment. 
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3o8  J  HE  QUARTERLY. 


SUMMER  SCHOOL  IN  PRACTICAL  MKTALLURGY. 

The  class  in  Practical  Metallurgy  will  convene  at  Chicago,  Ills.,  itn- 
mediately  after  the  completion  of  the  time  devoted  to  the  Summer  School 
in  Mining  (July  8th  or  9th). 

The  metallurgical  works  at  and  near  Chicago  and  Pittsburgh  will  be 
visited  and  studied  in  detail.  Probably  most  of  the  time  will  be  spent  at 
Chicago.  It  is  expected  that  Prof.  Henry  M.  Howe  will  be  present  to 
take  charge  of  the  class,  assisted  by  Dr.  Siruthers. 

It  is  the  intention  this  year  to  devote  the  greater  part  of  the  time  to  the 
subject  of  iron  and  steel,  as  the  facilities  offered  are  unsurpassable ;  Chi- 
cago and  Pittsbuigh  being  the  two  great  steel  centers  of  the  United  States. 

This  practical  summer  school  in  metallurgy  is  a  new  feature  in  the 
course  of  instruction,  and  was  inaugurated  last  year  by  Dr.  Struthers,  who 
took  charge  of  the  students  at  Butte,  Mont.  The  cla^  devoted  their  time 
to  the  study  of  the  smelting  of  copper  and  silver  ores  as  carried  on  in  that 
district. 

The  class  was  then  optional  and  it  is  very  gratifying  to  note  the  full 
attendance  of  the  students  and  the  excellent  quality  of  their  work  <a  full 
description  of  the  Summer  School  at  Butte  can  be  found  in  the  School 
OF  Mines  Quarterly,  Vol.  XVIIL,  No.  i,  p.  66.)  By  varying  the  sub- 
ject each  year,  better  results,  as  regards  general  education,  can  be  ob- 
tained. 

UNIVERSITY  BULLETIN. 

The  University  Bulletin  is  issued  by  the  Columbia  University  Press, 
with  the  approval  of  the  Trustees  of  the  University.  It  is  addressed  to 
the  Alumni,  officers  and  friends  of  the  University,  and  its  purpose  is  to 
publish  articles  of  interest  on  topics  that  concern  the  University  as  a 
whole,  to  furnish  pertinent  information  with  regard  to  the  University  and 
its  separate  schools,  and  to  give  a  summary  of  important  University  legis- 
lation. The  Bulletin  will  appear  three  times  during  the  academic  year, 
and,  until  funher  notice,  will  be  sent  free  of  charge  to  such  Alumni  of 
the  University  as  may  signify  their  desire  to  receive  it.  Numbers  I-XIV 
will  lie  sent  postpaid  by  the  MacmiUan  Company,  66  Fifth  Avenue,  New 
York  City,  on  receipt  of  two  dollars ;  single  numbers  will  be  supplied  at 
twenty  cents  each.  Since  its  foundation,  in  1S90,  the  Bulletin  has  con- 
tained a  large  amount  of  interesting  and  valuable  matter  relating  to  the 
University  in  its  period  of  growth  and  reconstruction,  and  a  complete 
set  of  its  numbers  is  virtually  indispensable  to  Alumni  who  preserve  im- 
portant publications  bearing  on  the  history  of  the  Collie  and  the  Uni- 
versity. 
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MeKBBRS    of    the  ALUHMt   AsaOCIATIOK    AND  OtHBB    GrBADUATES 

Detecting  Ebkobb  in   the  Succeedihq   Lists 
Will  Please  Send  Ck>EKBOTioMS  to 

PROF.  F.  R.  HUTTON, 

SECRETARY, 
COLUMBIA  UNIVERSITY  SCHOOL  OF  MINES, 

OR  TO 

No.  12  West  Thirty-Fibst  Street. 
NEW  YOEK  CITY. 
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C0N9TITUTIHQ  THE 

BOARD  OF  MANAGERS 

OF 

TBE  ALDHNI  ASSOCIATION  OF  THE  SCBOOL  OF  MINES. 


Pretidtid, 

WILLIAM  ALLEN  SMITH,  '68. 

62  WaU  Street,  N.  Y. 

YiofPraiimii, 

JAMES  FUEMAN  KEMP,  '84. 

Columbia  tTniversity,  N.  Y. 

Seerelarf, 

F.  E.  HUTTON,  '76. 

Columbia  Universitj,  N.  Y. 

Trmtmrer, 

LEA  MoILVAINE  LUQUER,  '87. 

Columbia  UniTersity,  N,  Y, 


MANAGERS. 

TerinB»pIrelW7.                            Group. 

Term,  eiplre  1886. 

WM.  A.  HOOKEB,  '69.                   I. 

H.  e.  MUNEOE,  69. 

W.  M.  MESEaiOLE,  '81.                II. 

J.  K.  REES,  '76. 

DANIEL  E.  MOKAN,  '84.          III. 

W.  B.  PARSONS,  '8 

H.  K.  MASTERS,  '94.                   IV. 

M.  T.  BOQERT,  '94. 

Note. — CtHmpondeiwe  oonceming  dues  and  other  olerioal  detoila  of  the  work  of 

the  Anodation  may  he  convenientl]'  addreased  to  Ms.  FsANCia  W. 

HOADLBY,  AnJetant  to  the  Seoretaij  and  TreaHnrer, 

No.  13  Wert  Slat  St.,  New  York  Ci^r. 
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STANDING   COMMITTEES 

On  Badges. 

F.  E.  BUTTON. 

P.  ra  P.  RICKETTS. 

On  Meetingg, 

JAB.  F.  KEMP. 

F.  E.  HUTTON. 

WM.  M.  MESEEOLE. 

On  Quarterly, 

A.  J.  MOSES. 

J.  F.  KEMP. 

B.  PEELE. 

E.  WALLEE. 

JNO.  STEUTHEES. 

I..H.  NOETON. 

E.  E.  MAYEK. 


UELKGATES  TO   ALUMNI    COUNCIL. 
O.  Li  E.  DEESSEE, 
F.  E.  HUTTON, 
BOWAED  VAN  8INDREN, 
W.  B.  PABS0N3, 
WM.  ALLEN  SMITH,  . 
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LIST  No.  i. 


Contains  the  names  of  all  Graduates  and  Members  of  the 
Alumni  Association  grouped  by  classes  from  the  begin- 
ning. The  details  as  to  residence  and  Professional  Oc- 
cupation are  given  in  the  second  or  alphabetical  list  for 
convenient  reference. 

(Bevubd  to  Ma&oh,  1897.) 
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CLASS  LIST 

OF 

GRADUATES  AND  MEMBERS 

OF  THE 

ASSOCIATION  OF  THE  ALUMNI. 


Adams,  J.  M.,  1892. 
Bridgham,  8.  W. 
Bronson,  £.  S. 
Brown,  F.  G. 
Church,  J.  A. 

Earntird,  A.  P. 
Baxter,  G.  8. 
Carson,  J.  P. 
Chester,  A.  H. 
Courseo,  G.  H. 
Geer,  G.  J.,  Jr. 
Hanna,  G.  B. 
MacMartia,  A.,  1881. 

Blossom,  T.  M.,  1876. 
Bnickman,  F. 
Campbell,  A.  C. 
Delafield,  A.  F.» 
Hooker,  W.  A. 


Haight,  O.,  1891. 
lagereoll,  W.  H. 
Enapp,  J.  A. 


i86r- 

Cornwall,  H.  B. 
GiddingB,  E.  E. 
Grade,  C.  K.,  1891. 
Hale,  A.  W. 
Harding,  G.  E.* 

i868, 

Melliss,  D.  E.* 
Mof&tt,  E.  8.,  1893. 
ParsoDS,  G.  H. 
Pennington,  J.  P.* 
Pistor,  W. 
Piatt,  C.  8. 
Robertaon,  K. 

i86g. 

Huntingdon,  0. 
Irving,  R.  D.,  1888. 
Jenney,  W.  P. 
Munroe,  H.  8. 


Harmer,  T.  H. 
Petit,  F.  M. 
Tuttle,  W.  W. 
Van  Lennep,  D. 


Shack,  A.  P. 
Scheimerhorn,  F.  A. 
Smith,  L. 
Smith,  W.  A. 
Btalknecht,  F. 
Van  ArsdaJe,  W.  H. 
Wheeler,  M.  D.,1889. 


Nettre,  L.  E. 
Newton,  H.,  1877. 
Potter,  W.  B. 
Randolph,  J.  C.  F. 


Lilienthal,  J.  L.,  1893.  Terhune,  B.  H. 

Undaley,  8.  Van  Wagenen,  T.  F. 

Parrot,  E.  M.  Waller,  E.      

'Anooiate. 
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i87i- 

Fales,  W.  E.  S. 

Ricketts,  P.  de  P. 

Robertson,  R.  S.,  Jr. 

GoMacbmidt,  S.  A. 

Riggs,  G.  W. 

Gordon,  J. 

BobeHB,  G.  S. 

AuBten,  P.  T. 

McDowell,  F.  H. 

Wendt,  A.  F.,  1893. 

Jenney,  F.  B.,  1876. 

Sloane,  T.  O'C. 
1873- 

Confleld,  F.  A. 

Mott,  H.  A.,  1886. 

Williams,  J.  T.,  Jr. 

Colton,  C.  A. 

Webb,  H.  W. 
1874- 

Allen,  C.  8. 

Lillie,  S.  M. 

Rhodes,  F.  B.  F. 

Benedict,  W.  de  L. 

Murray,  G. 

Williams,  F.  H. 

Cameron,  J.  G.  M.,  1889 

1.  Olcott,  E.  E. 

Ledoux,  A.  E.» 

Ree«,  B.  F. 
1875- 

Ihleeng,  M.  C. 

Noyea,  W.  S. 

Thompson,  H.  6. 

nes,  M.  W. 

Pfi8t«r,  P.  C. 

Tucker,  J.  H. 

Jackson,  C.  E. 

Putnam,  B.T.,  1886. 

Vanderpoel,  F. 

Joy,  D.  A.,  1888. 

Rees,  J.  K. 

Wells,  J.  S.  C. 

Lamaon,  B.,  1876. 

Rolker,  C.  M. 

Wetmore,  E.  A. 

Ijeavena,  H.  W. 

BuBsell,  8.  H.,  1889. 

Wright,  A.  A. 

Macy,  A.,  1891. 

Stewart,  H. 
1876. 

Austin,  T.  S. 

Holbrook,  F.  N. 

O'Grady,  J.  W.,  1890. 

Bruen,  F.  E.,  1884. 

Hoyt,  W.  L. 

Randolph,  J.  F. 

Cornwall,  G.  E. 

Hunt,  F.  F. 

RoBB,  W.  C. 

Craven,  F.  C,  1890. 

Hutton,  F.  E. 

Schneider,  A.  F. 

Foote,  H.  C,  1888. 

King,  C. 

Tilden,  0.  C. 

Garrison,  E.  H. 

Lord,  N.  W. 

Van  BLm»m,  E.  C. 

Gratacap,  L.  P. 

Love,  E.  G. 

Hall,  R.  W. 

Maghee,  J.  H. 

Waidlaw,  J.  B.,  1891. 

Hamilton,  8.,  Jr. 

Morewood,  H.  P. 
1877. 

Barroe,  L.  de  8. 

Buckley,  0.  R. 

Clark,  H.  G.,  1881. 

Barua,  C.« 

Cady,  L.  B. 

Colby,  C.  E. 

Beard,  J.  T. 

Canfleld,  A.  C. 

Constant,  0.  L. 

Behr,  E. 

Cauldwell,  J.  B. 

Cornell,  G.  B. 
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Floyd,  F.  W. 
Helleberg,  F.  8.,  1833. 
Hildreth,  W.  E. 
Ihlseug,  A.  O. 
Jordao,  J.  N.  P. 
Kelly,  W. 
Hackintoflb,  J.  B.,  1891. 


Adams,  W.  J. 
BeiyamiD,  U. 
Blydenburgfa,  C.  E. 
Booraem,  R.  E. 
Brinkerhoff,  G.  C. 
Butler,  W.  P. 
CusbmaD,  A.  B. 
Davis,  J.  W. 
Devereux,  W.  B. 
Downing,  O.  P. 
Drummond,  I.  W. 
Eliot,  W.  G. 
Fernekes,  A.,  1884. 
Haas,  U.  L. 

Bolton,  R. 
Britton,  N.  L. 
Cloud,  L.  O. 
Cornwall,  H.  C. 
Deluze,  L.  P. 
Eaetwick,  G.  6. 
Haffen,  L.  F. 
Harker,  C.  8. 
Hathaway,  N. 
Hollerith,  H. 
Hollick,  C.  A. 
Jobnson,  I.  B. 

Beebe,  A.  L. 
Benjamin,  F.  P.,  1893. 
Browning,  F.  D.,  1886. 
Browning,  J.  H.  B.* 
Brugman,  W.  F. 
BnUer,  N. 
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Martin,  E.  W. 
Murphy,  J.  Q. 
Kichols,  B. 
Norris,  D.  H. 
Priest,  J.  R.,  1880. 
Radforf,  W.  H. 
.   Reed,  8.  A. 

i8r8. 

Hasegewa,  Y. 
Hodges,  H.  A.,  1883. 
Holden,  E.  U. 
Hollis,  W. 
Johnson,  E.  M. 
Johnson,  G.  H. 
Karr,  C.  P. 
Lawrence,  B.  B. 
Lyman,  F. 
Matsui,  N. 
McCuUoh,  E.  A. 
Morewood,  G.  B. 
Morris,  G.  W.,  1895. 
Munsell,  C.  £. 

Johnston,  R.  A.,  189.5. 
Koch,  E.  C. 
Leggett,  T.  H. 
Ludlow,  E. 
Marsh,  C.  W. 
MathlB,  T.  8. 
Mayer,  R.  E. 
Merwin,  H.  J. 
Milliken,  G.  F. 
Munroe,  O.  M. 
Neft«l,  K. 
Nesmith,  J. 

i88o. 

Churchill,  A.  D.,  1896. 
Clark,  E.  P. 
Elliott,  W. 
Engel,  L.  G. 
Prandce,  R.  O. 
Gariichs,  H. 


Rogers,  C.  L. 
Sage,  E.  E. 
Smeaton,  W.  H. 
8mythe,  R.  H. 
Thacher,  A. 
Van  Boskerck,  R.  W. 
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Monroe,  M, 
Osterberg,  Max. 
Perrine,  Geo. 
Pope,  J.  R. 
Prince,  J.  L. 
Rennard,  J.  C. 
Rjttenbouse,  C.  T. 
Searle,  C.  D. 
Seldner,  K. 
Self,  E.  D. 

1895. 

Fox,  M.  J. 
Gottabei^r,  B.  B. 
Garten  steig,  Clias. 
Grace,  F.  J.  M. 
Herzig,  C.  8. 
Huntoon,  L.  D. 
HortoQ,  C.  F. 
Hadden,  H.  S. 
Jarman,  Z.  H. 
Johnstone,  W.  B.  ■ 
Jobbins,  P.  H. 
Janes,  E.  H. 
Kirby,  G.  T. 
Kraemer,  H. 
Leo,  R.  L. 
Lum,  C.  H. 
McKinlay,  W.  B. 
Miller,  S.  Q. 
MoisseiefT,  L.  S. 
Moses,  P.  R. 
Moeller,  E.  J. 
Mulliken,  H.  B. 
Natkins,  I. 


Sherman,  G.  F.  G. 
Smith,  W.  F. 
Steinam,  J.  L. 
Slratton,  Alex. 
Taintor,  W.  N. 
Tennille,  G.  P. 
Tompkins,  J.  A. 
Vail,  L.  H. 
Vanderbilt,  W.  D. 
Vatable,  J.  J. 
Walker.  H.  V. 
Ware,  F.  B. 
Westervelt,  W.  Y. 
White,  T.  O. 


Onnsbee,  A,  F. 
Peugnet,  C.  P. 
Pinkham,  H. 
Portuondo,  J.  M. 
Pell,  F.  L. 
Feppmuller,  R.  H. 
Perrin,  H.  C. 
Pilcher,  L.  F. 
Reeve,  F.  C. 
Riker,  C.  L. 
Spaulding,  M.  B. 
Shattuck,  L.  R. 
Shrady,  C.  D. 
Sutton,  F. 
Stewart,  J.  H. 
Schell,  R.  M. 
Seward,  J. 
Thomas,  E.  H. 
Tucker,  S.  A. 
Walker,  F.  W. 
Whiting,  L. 


i8g6. 

Carney,  Edward  Joseph, 

Clark,  Allen  Jay. 

Comatock,  Fredk.  Lacy. 

Darracb,  James  Musgrave  Aerteen. 
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Derleth,  Charles,  Jr. 

Dowie,  Horace, 

Diasel,  Charlea. 

Fraoklio,  Liodley  Uurray,  Jr. 

Godley,  Richard  David. 

Goldsmith,  OoldwiD. 

Hawks,  Herbert  Durand. 

Heje,  George  Oustav. 

Holden,  EdwiD  Cbapin. 

Hyatt,  Chas.  Edward. 

Hyde,  Henry  St.  John. 

Lowenatein,  Joseph, 

McCaffery,  Richard  Stanislaus. 

HcCoDway,  William  Lytle. 

MacGahan,  Paul. 

MacGregoc,  Donald. 

Heeselbach,  Chae.  Valeutine. 

Metzger,  Arthur. 

Monell,  Ambrose,  Jr. 

Montgomery,  Hard  man  PhilipsAlau. 

Morse,  George  Tremaine. 

Necarsulmer,  Eklward. 

Of,  Charles. 

Painter,  Robert  Eitching. 

Palmer,  George  QuJntard. 

Parker,  Richard  Alexander. 


Pemoff,  Joel. 

Perry,  Charles  Langdon. 

Froaser,  Herman  Alfred. 

Raymond,  William  Oakley. 

Regan,  Geo.  W. 

Riedel,  Arthur  Emil. 

Rodenburg,  Charles. 

Serber,  David  Charlea. 

Sergeant,  Elliot  Mathews. 

Shire,  Edward  Isaac. 

Slichter,  Waller  Irvine. 

Stern,  Henry, 

Tachau,  William  Gabriel. 

Thyng,  William  Stevens. 

Toch,  Max  Bernard. 

Tompkins,  Edward  De  Voe. 

Townsend,  Samuel  George  Fitzfaugh. 

Tubby,  Josiah  Thomas,  Jr. 

Uhlig,  William  Cullen. 

Van  Benthuysen,  Boyd. 

Van  Oelder,  Arthur  Pine. 

Van  Vleck,  Joseph,  Jr. 

Wells,  Dana  Clemmer. 

Witherell,  Charles  Shepard. 

Woodruff,  George  William  Lane. 
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LIST  No.  2. 


This  list  embraces  the  members  of  the  Alumni  Association  of 
the  School  of  Mines  under  the  Constitution  of  that  body. 
It  is  urged  that  all  graduates  of  the  School  should  list 
themselves  under  this  group.  Names  not  found  here  are 
grouped  in  List  No.  3,  which  includes  graduates  who  are 
not  also  members.  All  graduates  are  requested  to  try  to 
make  and  keep  this  list  correct  and  accurate. 

(Revised  to  March,  1897.) 
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MEMBERS 

OF  THE 


ALUM  ASSflCMON  OF  THE  SCHOOL  OF  US, 


Abbel,  George  Howard,  E.  M.,        ....        1883. 
Box  642  Hurley  Iron  Co.,  Wis.     Also  5  East  124th  St.,  New  York 
Cily. 
1883-84,  Chemiat  Iron  Clids  Co.,  Negnaoee,  Mioh.     1885-88,  Aamstant  Man- 
ager CliOa  Co.,   Nc^anee,   Mich.     1886-1867,  Snpt.   NegauDee  Gas  Ligbt  Co., 
Mioh.     1888-89,  Manager  Ironton  Iron  Mining  Co.,  Bessemer,  Mich.     1888-89, 
Agent  Pil)CTim  Mining  Co.,  Beoaemer,  Mich.     1389,  Supervisor  Bessemer  Town- 
ship, Gogebic  Co.,   Mich.     1889-93,   Agent  Rnby   Iron  Mining  Co.,  Benemer, 
Mioh.      1888  to  1895,   General  Manager  at   Montreal  River  Iron   Mining  Co., 
Hnrlej-,  Wis.     1893  to  1894,  Vice-President    First  National  Bank,    Harl^, 
Wia.    1892  to  date,  Vice-President  Wisconsin  Mining  Sapply  Co.,  Unrley,  Vis. 
1893,  Vice-President  and  General  Manager  Section  33  Iron  Mining  Co,,  Hnrley, 
Wis.    1894,  Consulting  Engineer  Newport  Mining  Co.,  Supervisor,  Town  ol 
Vaughn. 

Adams,  Randolph,  E.  M., 1883. 

Broken  Hill,  N.  8.  Wales,  Australia. 
1884-87,   Amiatant  Superintendent  and   Superintendent  of  the  Silver  King 
Bline,  Silver  King,  Arizona.     1887-91,  engaged  in  Australia  bh  Mining  Saperin- 
tendent  and  Mining  Expert,  and  now  Manager  of  the  Central  Broken  Hill  Mine, 
Broken  Hill,  N.  S.  Wales,  Australia. 

Agramonte,  Emiuo,  C.  E.. 1886. 

110  Lexington  Avenue,  New  York  City. 
Engineer  Deportment  of  Public  Works. 
Aldridge,  Walter  Hull,  E.  M.,       .        .  .         1887. 

Manager  United  Smelting  and  Refining  Co.,  E^t  Helena,  Mon. 
Begianing  July,  1887,  Anajer  at  Colorado  Smelting  Co.,  Pueblo.     At  different 
times,  Chemist  ol  Colorado  Smelting  Co.,  Pueblo.     Aogust,  1890-91,  Aesietant 
Superintendent  and  Metallnrgist  o(  Colorado  Smelting  Co.,  Pneblo.     AssisUnt 
Manager  United  Smelting  and  Beflning  Co.     1893,  Manager  as  above. 

Allen,  Chas.  Sl-mner,  Ph.  B.,  M.  D 1874. 

Practicing  Pb;sioian. 
Allen,  Robert  Lawrence,  A.M.,  E.M.,  .         .         .         1888 
102  Cambridge  Place,  Brooklyn,  N.  Y. 
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Amy,  Ernest  Jdlius  Htacinthe,  A.  B.,  E.  M.  .  .  1885. 
Oeaeral  Manager,  San  Juan  S.  and  M.  Co.,  Durango,  Colo. 
1685-^6,  CbemiBt  and  Aamjer  at  works  o(  Ac  San  Juan  and  N.  Y.  M.  and  S. 
Co.,  at  Dnrengo,  Colo.,  ivith  the  exoeption  of  three  months'  profMeional  visit  to- 
Old  Mexico.  1886..87,  Aa^atant  Manager  at  the  San  Jnan  and  N.  Y.  H.  and 
S.  Co.,  at  Darango,  Colo.  1B87-B8,  Manager  of  the  HoEletoa  Monntaiu  Mining 
Co.,  at  Silverton,  Colo.  1888  to  April  1, 1890,  AsNBtant  Manager  of  Works  of  the 
San  Jnan  Smelting  and  Mining  Co.,  at  Durango,  Colo.  (The  S.  J.  S.  and  M.  Co. 
being  formed  by  the  conaolidation  of  the  8.  J.  and  N.  Y,  M.  and  8.  Co.,  of  Da- 
rango and  Uie  Hazleton  Mt.  Mfg.  Co.,  of  Silverbin,  Colo.)  Since  April  1,  1890, 
Geneml  Manager  of  the  San  Joan  Smelting  and  Mining  Co.,  at  Dnrango,  Colo. 

Andrews,  Samuel  Wakeman,  Jr.,  Ph.  B.,  1890. 

Andrews,  Waters  &  Sherwin,  36  W.  Forty-second  Street,  New 
Yort  City. 
ie9(K9I,  Designing  witti  TiftoDy  Glass  and  Deoorating  Co.,  New  York.    1691 
to  date,  member  <rf  above  firm. 

.^MSBACHEB,  LODIS  Adolph,  Ph.  B.,  ....         1892. 
A.  B.  AnsbacherA  Co.,  4  Murray  St.,  New  York  City  and  Ar- 
veme  L,  I.,  N.  Y. 
Anthon,  Abchibald,  £.  E.  (Associate),  .         1892. 

18  West  85th  St.,  New  York  City. 
Applebt,  W.  R,  a.  B.  (Associate),    ....         1887. 
Professor  of  Mining  and  Metallurgy,  School  of  Mining  and  Metal- 
lurgy, University  of  MinnesoU,  and  911  fifth  St.,  S.  E.,  Minne- 
apolis, Minnesota. 
Atha,  Henry  Gurney,  Ph.  B.,  A.  M.  CWilliamB).  1889. 

766  High  St.,  Newark,  N.  J. 
AuBTEN,  Peter  Townsend,  Ph.  B.,  Ph.  D.,         .         .         1872. 
Polyt«ohnic  Institute,  99  Livingston  St.,  and  876  President  St. 
Brooklyn,  N.  Y. 
1878-80,  Anietant  Profenor  at  Analytical  Chemistiy,  Rntgera  College.     1890- 
1B89,  ProfeiBor  ot  General  and  Applied  Chemistry,  Rntgeis  CoUtge.    1891,  Soper- 
intendeut  MannCactories  of  W.  J.  Blatheson  &  Co.,  limited,  Savenswood,  N.  Y_ 
1892,  General  Manager,  T.edoni  Chemical  Laboratory.     1H93,  Profesaor  of  Cbem. 
ietry,  Polyteehnio  Inatitnte,  Brooklyn,  N.  Y. 

AusTis,  Thomas  Septimus,  E.  M.,      ....         1876. 
Chihuahua  Mining  Co.,  Chihuahua,  Mexico. 
1877-78,    in   Cuba  as  Chemist.     1879-80,    Anayer   Oermania    Smelting  Co. 
188(MI0,  SnperinCendent  Rio  Gian^e^qeltlpg  Co.,  Sooomo,  N.  M. 

B. 

Baker,  George  Lewib,  Ph.  B.,  ....         1888. 

Address  unknown. 
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Balch,  Samuel  Weed,  E.  M.,  .  ,        1883. 

Box  833,  Yonkere,  N.  Y.,  and  41  Wall  Street,  New  York  City. 
I86a-ai,  Ottis  Elevator  Co.     1884-86,   Uowing   UaohinM.     1886-68,  Gwrin 
Ua^ine  Co.,  Tools  aod  Special  Uaobinerj.    1889  to  date,  General  oonmlliiig 
piactioe  as   Meohaaical   Expert    and    Pateot    Attorney.    Spedalt;,    DIfflcaU 
Hedtaoical  Problema. 

Baldwin,  WnxiAM  M.,  Ph.  B.  (Life  Member)   .  1884. 

do  Beekman  Street,  New  York  City,  and  Oarden  City,  Qumus 

Co.,  N.  Y. 

Since  1885,  Cheroist  for  tbe  New  York  Dye  Wood  Extnct  and  Chemical  Co. 

SiDoe  1886,  Vlae-Preaident  ol  tbe  above  oorpoiatioo,  and  at  preseot  having  duuge 

o(  their  oianntaotariog  deportmeat. 

Banks,  John  Hekrt,  E.  M.,  Ph.  D.,  .  .         .        1883. 

104  John  Street,  New  York  City,  and  BooQton,  N.  J. 
1683-85,  Cbemist,  ivith  Ledoax  &  Riclcetta,  New  York.  1385-91,  Private  As- 
Bietant  to  Prot.  Itloketts,  School  ot  Hiads,  New  York,  fa  geoeral  aoalytjcal,  me- 
tallorgical  and  mlninK  engineering  work.  1889-91,  Hon.  Fellow  io  Anaying, 
School  ot  Mines.  1894  to  date,  in  partnership  with  Prof.  Bioketta.  at  above  ad- 
dress, in  general  chemical,  metallurgical  and  Mining  engiaeering  irork,  witb 
Ore  tntJng  Works,  at  Waveriy,  New  Jetmy,  for  determiuiDg  treatment  ot  cm 
and  examination  of  procenes. 

Barnard,  Edward  Chester,  E.  M.,  ....  1884. 
U.  S.  Geological  Survey,  WaafaiDgCon,  D.  C. 
AsuitAnt  Topographer  and  at  present  Topc^^pher  in  the  United  Statea  Geo- 
logical Survey,  1884-91.  Have  been  engaged  in  moping  in  Virginia,  West 
Virginia  and  the  tnonntains  of  East  Kentuoky.  1893,  Mapping  Northern  New 
York.  * 

Babnctt,  L.  H..  E.  M., 1894. 

289  Columbus  Avenue,  New  York  City. 

BARRAtT,  Edgar  Grant,  C.  E 1884. 

1123  The  Rookery,  Chicago,  111.,  and  Keniiworth,  111. 
1884-88,  Engineer  for  The  Exhaust  Tentllator  Co.     1688  to  date,  Preaideat 
and  Proprieter  of  the  Exhanst  Ventilator  Co.     1891  to  date,  President  and  Gen- 
eral Manager  ot  the  Variety  Mannfactnring  Company.     Fill  tbe  above  positions 
at  present  and  am  consDlting  Ventilating  and  Heating  Engineer. 

Barus,  Carl,  Ph.  D.  (Associate),        ....         1877. 
Brown  Univer«ity,  Providence,  B.  I. 

Baxter,  George  Strong,  A.  B.,  E.  M.       .        .         .         1868. 
17  Broad  Street,  New  York  City. 
1878-79,  Civil  and  Mining  Engineer.     1880,  Cashier  N.  P.  R.  R.     1890,  Trcw- 
orer  N.  P.  H.  R. 
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Bayles,  Fbedbkick  p.,  E.  M.    .  1896. 

Chemist  Colorado  Fuel  &  Iron  Co.,  Sopria,  Colo.,  &Dd  408  Main 
Street,  Orange,  N.  J. 
Chemist  and  Assajer  for  the  Sonora  Copper,  Co.,  Soiiora,  Old  Mexioo. 

Beaed,  James  TeOM.,E.  M.,  C.  E.,  .  .  .  ,  1877. 
304  Webster  Avenue,  Scranton,  Pa. 
1879-80,  Aesistant  Engineer,  Neir  York  and  Brooklyn  Bridge.  1880-82,  Ab- 
sisUnt  Engineer,  C.  B.  and  Q.  R.R.  1882-83,  Superintendent  Smoko  Hollon 
Mine,  Aver;,  la.  1884-65,  Anistant  U.  S.  Dept.  Min.  Surveyor,  Aapen,  Colo. 
1985-91,  Engineer,  Whitebreast  Fnel  Co.,  Ottamno,  la.  1891-93,  Manager 
Miller  Creek  Ijind  and  Lime  Co.,  Asptn,  Colo.  1892-93,  Secretary  and  Treaa- 
urer,  Eldon  Coal  and  Mining  Co,  Ottnmiva,  Ta.  1893  to  date,  Iowa  Mining  Ex.- 
change,  Ottumwa,  la.  1892-94,  Wrote  Beards  Vmlilalion  of  Mineg,  published  by 
John  Wiley  &  Sons,  New  York  City. 

Bechstein,  Chas.  a 1888. 

405  West  End  Avenue,  New  York  Oily. 

Beebe,  Alfred  L.  Ph.  B., 1880. 

Health  Departmeut,  Criminal  Court  Building,  Centre  Street,  New 
York  City  and  44  Sanford  Avenue.  Flushing,  L.  I. 
1880-87,  inoluaive.  Private  AeeiBtant  to  Prof.  Rickette,  School  ot  Mines,  New 
Y'oik,  in  General  analytical  nork,  especially  Mineral  Analysea.  Also  Assistant 
in  Aaeaying  and  Fellow  in  Chemistry,  in  1881-67,  inclusive.  1888-92,  Assistaul 
Chemist,  New  York  Health  Department.  Since  September,  1892,  Bacterologist, 
New  York  BealCh  Department. 

Behrmak,  George  William,  C.  E.,    .         .         .         .         1883. 
201  Eoas  Street,  Brooklyn,  N.  V. 
November,  1893,  to  January,  1B9A,  Transitman  and  Draughtsman,  with  the 
Raub  Locomotive  Works  and  Land  Improvement  Company. 

Belunger,  Hiram  Paulding,  C.  E. 1887. 

Solvay  Process  Company  and  1721  W.   Genesee  Street,  Syra- 
cuse, N.  Y. 

Behis,  Frederick  Pomerot,  A.  B.,  E,  M.,  1885. 

109  West  3d  Street,  Davenport,  Iowa. 

Benedict,  William  de  Liesbeune,  E.  M.,         .         .         1874. 
Welles  Building,  No.   18  Broadway,  Eooms  617  and  618,  New 
York  City,  and  282  Vanderbilt  Avenue,  Brooklyn,  N.  Y, 
1678-60,  Asnstant  Soperintenclent  and  Soperintendent,  Kcvere  CooOentrating 
Co.,  Utah.     1880-81,  Aggtatant  Superintend  eat,  Germania  Smelting  &  Refining 
Co.,  Utah.     In  1882,  opened  an  office  in  New  York  City,  aa  Coosnlting  Mining 
Engineer  and  HetaUnrgist,  and  have  siitce  been  engaged  in  examining  and  re- 
porting on  Mines  in  the  United  States,  Ontario,  Quebec,  British  Columbia, 
Uezioo  and  England. 
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Benolifx,  Sol.  D.,  E.  E., 1896. 

Cone.  Elec.  Eng.,  13^7  Broadway  and  120  W.  36th  Street,  New 
York  City. 

Benjamin,  Mabccs,  Ph.  B.,  A.  M.  (Lafayett*  1888)  1878, 
Ph.  D.  (Univ.  Naah>-iUe,  1889)  (Life  Member). 
Editor,  U.  S.  KatJonal  Museum,  Washington,  D.  C. 
18T8-B3,  with  E.  B.  Benjamin,  dealer  in  Chemical  Apparatus.  1882,  Editor 
Jmeriean  Pharmacol.  1B83,  Editor  Weeklg  Drug  Neat.  Ma?,  1883,  to  Jooe, 
1885,  Chemist,  V.  B.  Laboratory,  New  York.  ISSI-M,  Leotnrer  on  Chemistry, 
N.  Y.  Woman's  Medical  College  and  Hospital  for  Women.  1885,  Sanitary  Engi- 
neer, N.  Y.  Board  of  Healtli.  1886-89,  Editorial  Bt&S,  Appletou's  Cgdopaedia  nf 
Amariean  Biography.  1890,  Editorial  Staff,  Engintering  and  Mittittg  Jowa}, 
1891-94,  Editorial  SlolT  in  charge  of  Chemistry,  Standard  Dieliimarg.  1894-95, 
Editorial  work  tor  D.  Appleton  &  Co.  1895,  Editorial  Staff,  Johruon't  Vnirtnf^ 
Cfdopmdia,  New  York.  1B95-96,  at  the  Smithsonian  Iiutitntion,  and  sinoe  April, 
1890,  Editor  U.  8.  National  Hosearo,  Waahiniton,  D.  C.  At  varions  times  on 
editorial  bIaSb,  of  aeietUijle  American,  1883-89 ;  ladependaiU  Oil  Jountal,  1886; 
and  on  technical  snbjecta  in  Nev:  York  Dailf  Haii*,  1886-95  ;  New  Tark  Star, 
1890-Dl  ;  and  PhamiaeaUieal  Eteori,  1891  ;  also  of  AppUton't  Annual  Cftlt- 
pteiia  sinoe  1883.  Other  work  inclndes  translation  of  Berthelot's  leetnres  on 
"Explosive  Materials"  (New  York,  1883)  ;  authorship  of  Druggist's Ciicalar, 
Prize Evay  on  " Bisinfecbtnts, "  1885;anthoTshipirf(diaptei8on  Minerol ^Mt'w 
"Mineral  Resonroea  of  the  United  States,"  for  years  1884-86,  and  other  non- 
tCKdinioal  wotka  Organized  the  CorreHpondiog  Chapter  of  Chemistry  ot  tiie 
Agaasiz  Aaaociation  in  1893,  and  its  President  till  1896.  Life  fellow  of  the  Lmi- 
doD  Chemical  Soolety,  and  of  the  American  Association  for  the  Adranoement  of 
Science  ;  Member  ot  Society  of  Chemical  Industry,  London,  and  ot  American 
Chemical  Society,  Member  of  iDtemational  Jnry  ot  Awards,  World's  F^r,  Cbt- 
cago,  1893. 

Berry,  Wilton  Guernset,  Ph.  B.,   .         .        .         .        1886. 
Health  Department,  New  Criminal  Courts  Building,  New  York 
City. 
1886-S9,  UniversitieB  ot  Berlin  and  Heidelherg  and  Oeneial  Chemical  Hesearch 
1389  to  date,  Asaiatant  Chemist,  New  York  Health  Depaitment- 

Besry  George,  C.  E 1888. 

78  Morton  Street,  Brooklyn,  N,  Y. 
Betts,  Romeo  T.,  C.  E. 1890. 

191  Halaey  Street,  Brooklyn,  N.  V. 
BiEN,  Joseph  Rudolph,  E.  M.,  ....        1887. 

140-142  6tfa  Avenue,  and  321  West  57th  Street,  New  York  City, 
N.  Y. 
1887-88,  Topographer, U.S.  Geological  Snrvey,  Survey  ot  (reyser  BaaiDS,  Yellow- 
stone National  Park.  1888-90,  Practice  as  Civil  and  Hluiog  Engineer,  firm  at 
Vermenle  &  Bien,  New  York  City.  1690-91,  Fiactioe  as  Civil  and  Topogiaphl- 
cal  Engineer  alone.  New  York  City.  At  present,  Secretary  Jnlins  Bien  &  Co., 
Lithographers,  Engravers  and  Oeographioal  Pnhlisheis. 
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BiNiON,  Joshua,  B.  S., 1895. 

C.  R.  B.  of  N.  J.,  Jersey  City,  N.  J.,  and  care  232  U&diaon 
Street,  New  York  Cily. 

Summer  of  1893.  Voliuitcer  Aaristaot  on  New  York  Bpeedway.  Bammer  of 
1S95,  AsNetant  at  Bammer  School  of  Sorveyiog.  Colambia  UniTenity.  October 
9,  1S96,  with  C.  B.  R.,  of  N.  J.  in  chaise  of  Bonnd  Brook  depnasioii. 

Black,  Adolph,  C.  E., 1894. 

1484  Lexington  Ave.,  New  York  City. 

Jnly  1,  1894,  to  Jnly  1,  1806,  AsaUtaot  in  Departmeut  of  Civil  Eogineeriog, 
under  Profeaaor  Burr,  School  of  Minee,  InHtmcrtor  Summer  Sohool  ot  Surveying, 
sammera  of  18D3,  1S94  and  1B95.  Instmotor  Summer  School  of  Astronomy  and 
Gecde^,  mmmer  1895,  State  Inspector  N.  T.  Btate  Teaemeul  Honae  Commission 
1894.  Inatraot«r  in  Mechanical  Drawing,  T.  U.  C.  A.,  23d  Street  Branch,  1894- 
95,  and  1B95-96.  Sanitary  Engineer  tor  New  York  Department  Pablio  Parks, 
1896.      Designing  Engineer  for  New  York  Department   Pnblic  WorlcB,  189S. 

Blake,  Edwin  Mortimek,  E.  M.,  Ph.  D.  (1893).        .        1890. 
Instructor  in  Atathematica,  Purdue  University,  Lafayette,  Ind., 
also  230  Washington  Ave.,  Brooklyn,  N.  Y. 

Bleecker,  C.  P 1881. 

446  Avenae  E.  Bayonne,  N.  J. 

Blobsom,  Francis,  C.  E., 1891. 

Westinghouse  Church,   Kerr  &  Co.,  26  Cortlandt  Street,    New 
York  City,  and  440  Henry  Street,  Brooklyn,  N.  Y. 
1891-92,  Engineer  with  C.  W.  Hunt  Co.     1802,  Aa^stant  Engineer  Eqaity  Gae 
Works  Conatmotion  Company.    1803.  as  altove. 

Bltdenburoh,  Charles  Edward,  A.  B.,  A.  M.,  E.  M.,      1878. 
Mining  Expert  and  Prospector,  Box  180,  Bawlings,  Wyoming. 

BoDELSEN,  Oscar,  E.  M,, 1884. 

Cons.  Gas  Co.,  Foot  West  44th  Street  New  York  City,  and  Po- 
cantico  Hills,  N.  Y. 

B<ECKi.iN,  Werner,  Jr.,  C.  E.,  ,  .  .  .  .  1891. 
Chief  Engineer's  Office,  Penna.  Company,  Pittsburgh,  Pa. 
Jannory  to  May,  1893,  ran  level  on  preliminary  (150  miles),  H.  &.  E.  Exten- 
sion, C.  O.  &  S.  W.  Hailway,  in  charge  of  all  profiles  and  estimates  nndes  Chief 
Engineer,  1894,  Inspector  foe  MBsaaohusetta  Highway  Commission  on  State 
Highway.  Assistant  Engineer  in  charge  of  erection  of  Stone  Crushing  Plant  at 
Sock  Hill,  N.  J.,  1896. 

BoGEBT,  Marston  T.,  Ph.  B.,  a.  B.,  .  .         .         1894. 

School    of   Mines,    Columbia    University,    and  269  Broadway, 
Flushing,  Queens  County,  L.  I. 
Awarded  University  Fellowship  in  Chemistry  for  1805,  bot  resigned  to  acoept 
position  of  aesiatant  in  Organic  Chemistry. 
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Book,  I>wight  Dana,  C.  E.,  E.  E.  (1892),         .         .        1890. 

159  WasUngton  Park,  Brooklyn,  N.  Y. 
Bookman.  S.  (Associate)  Ph.  D.,  M.  A.      .  .         1891. 

9  East  62nd  Street,  New  York  City. 
BooR^M,  Robert  Elmer,  E.  M.  (Life  Member),        .         1888. 

2  East  15th  Street,  New  York  City. 
1879,  ABsayer,  general  work  in  Lmdville,  Colorado.  1880-87,  AMstaut  Supn- 
intendent,  afterward  manager,  Evening  Star  Mining  Co.,  Morning  Star  Consoli- 
dated Mining  Co.  and  others  at  Leadvilte,  Colorado,  Lead-silver  Mines.  Also  in 
cha^e  Parwall  Con.  M.  Co.,  Gold  Mines  at  Independenoe,  Colorado.  1867-90, 
General  Manager  Blue  Bird  Mining  Co.,  Ltd.,  Bntte,  Montana,  Operating  00- 
Stamp  Mill,  Dry  Crushing,  Chloridizing,  Amalgamating  Procen.  1891,  Geueial 
Consulting  Mining  Engineer  and  Conaulting  Director  in  Gold,  Silver  and  Lead- 
Mining  Companiea,  ot  whicl)  a  Specialty  is  made.  Also  Mine  Operator  and 
owner,  Silver  Mines  at  Aspen,  Colorado. 
BOTD,  Richard  Charles,  Ph.  B.,  A.  M.  (1892),        .         1891. 

44  W.  88th  Street,,  New  York  City. 
Bhadlet,  Stephen  Kowe,  Jr.,  Ph.  B.,       .         .         .         1890. 

Orangeburg  and  Nyack,  N.  Y. 
July,  1891  to  1894,  Secretary  and  Treasurer  Union  Electric  Co.     January,  1894. 
Secretary'  and  Treasurer  The  Arlington  Manutacturiug  Co.,  New  York  City. 

Bkaschi,  Victor  MA>fUEL,  Ph.  B.,  E.  M.,  C.  E.,  .         1881. 

Apartado  830,  City  of  Mexico,  Mex. 
June,  1884,  to  Octoher.  1884,  Inspector  ot  New  York  Tenement  House  Coni- 
miBsion.  October,  I8B4.  to  May,  1S85,  Interpreter  and  Secretary  la  Govemot 
Chilian,  Commisgiuner  to  Visit  ami  Heport  un  American  Alining  and  Smelting. 
May,  1885,  to  October,  1885,  Euipioyed  by  Rend-Eock  Powder  Co.  in  Flood  Rock 
Exploeion  Work.  October,  1885,  to  January,  1889,  Aaaistant  Consulting  Engi< 
neer  and  in  Charge  Foreign  Busineas,  Rand  Drill  Co.  January,  February,  Mudi. 
1389,  Reporting  on  Mines  in  Mexico  [or  above  Co.,  and  for  three  yean,  from 
April,  1890,  to  April,  1893,  engaged  in  introduoing  Rank  Rook  Drilling  Ho- 
(diinery  in  Mexican  Mines.  In  April,  1893,  arranged  to  open  a  general  Miniog 
Machinery  and  Supply  bn^nesa,  in  the  City  ot  Mexico,  in  which  I  am  at  present 
engaged. 

Brereton,  Thomas  J.  A.  B.,  1879,  C.  E.,  .         .         .         1883. 

Engineer  Cumberland  Valley  B^lroad  and  5th  Avenue,  Cham- 

bersburg.  Pa. 

1979,  Rodman  on  LocaUon  ot  Redstone  Br.  P.  R.  B.     16S0  and  1860  (Summers) 

on  New  York  State  Geodetic  Survey  of  Adirondaoks.     1883-85,  Leveller  P.  R  E. 

Cleaifleld  Co.  Surveys  and  Construction.     On  Corps  ot  Engr.  M.  of  W.  P.  K. 

1888-89,  Anistant  Supervisor,  P.  R.  R.     1890-92,  Supervisor  Tyione  Div.,  P.  R. 

R.     1893,  Engineer  Cnmberland  Valley  Railway. 

Brewster,  Henry  Drapes  (Associate),       ,         .         .  1883. 

Care  Brewster  &  Co. ,  49th  Street  and  Broadway,  New  York  City. 
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Bkinlet,  John  Rowlett,  C.  E.  ....         1884. 

MoniBtowD,  N.  J. 
1864-88,  Departmeat  of  Pablic  Works,  New  York  City.    1B88  to  date.  Civil 
and  SaDJtary  Engiiieer. 

Britton,  Nathaniel  IvOrd,  E.  M.,  Ph.  D.,  .         1879. 

41  East  49th  Street,  New  York  City. 
Awistant  of  Geology,  Bchool  of  Mineo,  1B79-1887.  Instructor  in  Botany,  Co- 
lombia University,  3887-1990,  Adjunct  Professor  o(  Botany,  Colombia  Univer- 
wty,  1&90-1891.  Assistant  Geological  Survey  of  New  Jeiaej,  1880-1887.  Bot- 
anist, Geolf^cal  Snrvey  of  N«w  Jeney,  1881,  1890.  Field  Aeeistant,  U.  S. 
Geological  Survey,  1B82.  PicfesBor  o(  Botany,  1S91.  Specialty — Syatematio 
Botany.    Director-in-Chiet  New  York  Botanic  Garden. 

Bbosnas,  Fbancis  Xavier,  C.  E 1891. 

146  W.  74th  Street,  New  York  City. 
Browk,  Francis  G.,  E.  M 1867. 

Merchant,  15  Whitehall  Street  and  4(J2  Le^ngton  Avenue,  New 
York  City. 
Browning,  John  H.  Brower,  M.  D.  (Associate),         .         1880. 

SfflithaCown,  L.  I.,  N.  Y. 
Collc^  of  Phyaidans  and  Surgeons  of  City  of  New  York,  in  year  1892.  After- 
wards Assistant  Physician,  New  York  City  Insane  Asylnm,  Ward's  Island,  1882- 
83.  Honse  Physician  and  Suigeon  to  St.  Francis  Hospital,  1683-85.  At  date, 
Member  County  Medical  Society  of  New  York,  Member  Pbyaioians'  Motnal  Aid 
Anociatioa,  Fellow  American  Geographical  Society,  and  Assistant  to  Chair  in 
Surgery,  New  York  Polyclinic,  Medical  Examiner  for  Presbyterian  Board  of  For- 
eign Missioos,  General  Practitioner  of  Medicine  and  Surgery. 

Brown,  Robert  Oilman,  E.  M.,         ....         1889. 

Standard  Consolidated  Mining  Co,  Bodie,  Cal. 
Bkugman,  William  Fredebic,  Pn.  B.,       .         .  1880, 

One  Hundred  and  Forty-fourth  Street  and  Southern  Boulevard, 
New  York  City  and  Los  Angeles,  Cal. 
Bbtce,  William,  Jr.,  Ph.  B., 1884 

40  W.  54th  Street,  New  York  City. 
Buckley,  Chakles  Ramsay,  A.  B.,  A.  M.,  E.  M.,       .         1877. 

29  Broadway,  New  York  City. 
Burden,  Hbnrt  2d,  A.  B.,  Ph.  B. 1892, 

CaMnovia,  N,  Y. 
Burns,  Abraham  Lincoln,  E.  M.,         ....     1887 

Memher  of  Firm,  Trask  Burns  &  Co.,  99  Ceder  St.,  New  York 
City. 
Sinoe  November,   1887,  with  Messrs.  Jabez  Burns  &  Sods  (Millwrights  and 
MaAiniats,  and  Manobctnren  of  Pat«nt«d  Machines  for  Treating  Coffee  and 
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SpioM).  Sinoe  Jaly,  1690,  in  above  firm.  ProttMional  work  baa  been  genen) 
shop  dianghting  and  mpchine  design,  nad  amtnging  maohinea  and  power  tnun- 
mJBBioD  iu  ooSee  eatabliabmeute. 

BuRMH,  EuiEK  Z.,  E.  M., 1887. 

Niagara  Falls,  N.  Y. 
1887-68,  SngiQeer  and  Cbemist  for  tbe  Pittabargh  and  Lake  Aogelme  IroD  Co. 
1889-90,  ABsistant  Electrioian  for  the  Uoited  States  Electric  Ligbt  Company. 
1890-91,  AaeiBtant  Electrician  for  the  Mather  Electric  Companj.  1891-83,  City 
Enginesr  ot  Niagara  Falls,  and  Consnlttng  Engineer  for  the  I^wiston  and  YoimgR- 
town  R.  R.  Companj,  (or  the  North  Tonawanda  Btreet  Bailroad  Companj,  Bud 
for  the  Niagara  Falls  and  Snapension  Bridge  Railroad  Company. 

BmiMrT,  WiLMOT  Woodward,  Ph.  B.,  ...    1884, 

Chemist,  Englewood,  N,  J. 

Bush,  Edwabd  Renshaw,  E.  M., 1881. 

Mining  Engineer,  with  Ricketts  and  Banks,  104  John  St.,  New 
York  City. 

BUTLBB,  Nathakiel,  E.  M., 1880. 

61  Cedar  St.,  Room  7,  New  York  City,  and  Glen  Ridge,  Bloom- 
field,  Essex  Co.,  N.  J. 
1880-83,   U.   B.   Harbor  Improvement  and  Railroad  Eugiaeering.      1883-M, 
Barlow's  Insurance  Burveja  as  Surveyor,  Superintendent  and  EzeoutlTe. 

Butler,  William  Curtis,  Met.  E.,  .  .  .  .  1887. 
Everett,  Washington,  and  16.5  Hamilton  Ave.,  Paterson,  N.  J. 
1S87-89,  Aasayer,  El  Paso  Smelting  Co.,  El  Paao,  Texaa.  1889-90,  Chemist, 
afterward  Ae^atant  Superintendent,  Aikansaa  Valley  Smelting  Co.,  Leadville. 
Colo.  1890,  Chemist,  now  Asnstant  Manager,  Anrora  Iron  Mining  Co.,  Svperior 
Mining  Co.,  Comet  Mining  Co.,  Palone  Iron  Mining  Co.,  Penokee  and  Oogebie 
Development  Co.  (Operating  Colby  and  Tilden  Mines).  Also  in  charge  Ironwood 
Electric  Co.,  Gobebio  Electric  Co.  1893.  Bnperintendent  Monte  Cristo  Hiaing 
Co.,  Seattle,  Waahington.  1893,  Slanagei  Pnget  Sound  Reduction  Co.  1S94, 
Prondcnt  and  Treasarer  Pnget  Sound  liedaotion  Co. 

Butler,  Willard  Parker,  E.  M.,  LL.  B.  (Life  Member),  1878. 
Counsel  la  Patent  Caivjcn,  59  Wall  St.,  and  143  East  36th  St., 
New  York  City. 

O 
Cadt,  Linus  Bertram,  E.  M.,  C.  E 1877. 

827  Fifth  Ave.,  New  York  City. 
Calman,  Albert,  Ph.  B.,  Ph.  D 1882. 

7  W.  75th  Street,  New  York  City. 
Canfield,  Augdstcs  Ca8s.,  E.  M.,        ....     1877. 
Canfield,  Frederick  A.,  A.  B.,  A.  M.,  E.  M.,       .         .     1873. 

Mining  Engineer,  Dover,  N.  J. 
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Carbon,  Jameb  Pettigku,  E.  M., 1868. 

16  Exchange  Place,  New  York  City,  and  Dean  Hill  Oaky,  P.  O. 
8.  Ca. 

Cabtee,  B.  p.,  E.  M., 1895. 

Crown  Deep  Mine,  Ltd.,  P.  O.  Box  771,  Johannesburg,  S.  A.  K. 
December,  1695,  to  dat«.  Surveyor  and  Aasayer  of  (be  Crown  Deep,  Ltd. 

Casamajor,  George  H.,  C.  E., 1892. 

141  East  2gth  Street,  New  York  City,  and  372  Greene  Ave. ,  Brook- 
lyn, N.  Y. 
1892-Mbj,  1893,  with  the  Railroad  Gazette,  N.  Y.  May-September,  1893,  with 
C.  B.  Brnnb,  HobolieD,  "S.  J.  as  Transitman,  Levelman,  etc.  October,  1893-JaDn- 
ary,  1806,  with  the  East  River  Gas  Company,  N,  Y.  Febmary-May,  1896,  En- 
giiieei  iDspeotoT  D.  P.  W.,  N.  Y.  May,  1806,  becsme  a  partner  in  the  Bncheller 
2<ewepaper  Syndicate,  oconpied  in  liteiary  and  editorial  work. 

Caset,  Edward  Pearce,  C.  E.,  Ph.  B.  (1888),     .        .     1886. 

Architect,  171  Broadway  and  The  Al]>ine,  5.5  West  Thirty-third 

St.,  New  York  CLiy. 

With  McKim,  Meade  &  White,  Architects,  New  YorkOty,  nntil  January,  1890. 

Abroad,  and  Stodent  in  L'Ecolo  National  des  Beaux  Arts,  Paris,  (rom  February,  , 

1890,  until  September,  18S3.     Five  mentions  in  Architecture,  and  a  medal  in 

Modeling.    At  present  Architecture,  171  Broadway,  New  York  City. 

Cauldwell,  John  Britton,  C.  E.,         .  ,         .     1877, 

Century  Club,  7  West  Forty-third  St.,  New  York  City. 

Channing,  John  Parke,  E.  M., 1888. 

34  Park  Place,  New  York  City. 
1893,  Chentiat  Hadson  Biver,  0.  and  L  Co.  1884,  with  S.  E.  Cleaves  &  Son, 
ManufactureiB  of  Mining  Machinery,  Houghton,  Mich.  1884-95,  Aa^tent 
Mining  Engineer  Tamantck  Mine,  Calumet,  Mich.,  Dep.  Comm.  Mineral  Statis- 
tics, Michigan.  1885-86,  Superintendent  Hondaias  Land  and  Navigation  Co. 
1886-87,  Esplori:^  tor  iron  on  the  Gogebic  Kange,  and  Mining  Engineer  for  Mil- 
waokee,  L.  S.  and  Western  Railway,  Superintendent  Iron  Belt  Mine.  1887-90, 
Inspector  of  Mines,  Gogebic  Co.,  Mich.  1790-92,  Superintendent  East  New  York 
Iron  Co.,  lahpemlug,  Mich.  1893-1893,  Superintendent  Iron  Exploration  Co., 
C.  M.  and  St  P.  Railway.  Aseislant  to  General  Manager  Calumet  and  Hecia  Min- 
ing Company,  1894,  Conanlting  Work,  1894,  to  date. 

Chester,  Albert  Huntington,  A.  M.,  E.  M.,  Sc.  D.,  Ph.D.,  1868. 

Professor  of  Chemistry  and  Mineralogy,  Rutgers  College,  and  35 

College  Avenue,  New  Brunswick,  N.  J. 

FrofeawT  of  Chemistry  at  Hamilton  College  from  1870  and  Mineralogy  from 

1878  to  1891.     Conducted  the  Analytical  Laboratory  there  from  1871.     Chemist 

New  York  State  Board  of  Health,  1633.     Eiamioed  and  reported  on  Mines  of 

iron,  gold,  ailTer,   lead  and  zinc,   in  Michigan,  Minnesota,  Ontario,  Arkansas, 

Colarado,  Utah,  Nevada,  California  and  Nova  Scotia.    Analytical  work  has  been 

largely  in  two  lines,  vis.,  foe  iron-blast  furnaces  and  of  paints  and  vamiahes. 
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Field  work  has  been,  a  gnttt  part  of  it,  in  the  iron  minefl  of  Hlnnesota  and  tin 
gold  mines  of  Colorado.  Now  engaged  in  ohemicol  nork  for  the  Stetc  Geological 
Surrey  of  New  Jeraey. 

Chuech,  Euhu  Dwight  Jr.,  E.  M.,       ....     1887. 
Church  and  Co.,  Trenton,  Wayne  Co.,  Mich. 
1887-88,  Fellow  Qualitative  AnalyBLS  School  of  Mines.      1888-89,  Aasislant 
SaperluteDdeut  of  Lead  Mine  aad  Couoentraring  Worke.     1689-91,  with  Chnrtb 
&  Co.,  in  charge  of  eiperimental  plant. 

CiTURCn,  Joes  Adams,  A.  M.,  E.  M.,  Ph.  D.,        .         .     1867. 
Com  Exchange  Building;,  II  William  Street,  and  IS^O  Maditon 
Avenue,  New  Yoric  City,  Cable  addtese  Scotist,  N.  V, 

Clabk,  a.  J.,  E.  M., 1896. 

Tenn.  Coal,  Iron  and  R.  B.  Co.,  Blockton,  Ala.,  and  care  of  B.  !^. 
Clark,  Box  ir.8  New  York  City. 

Clark,  Diego  Lohbillo,  C.  E., 1890, 

Cardenas,  Cuba. 

Clark,  Edmund  (Associate), 1892. 

Health  Dopt.,  Criminal  Court  Bldg.,  Centre  and  Franklin  Streets, 
and  148  Eaat  34th  Street,  5"ew  Yorlc  City. 
From  Angoat,  1692,  to  Angnst,   1895,    Aaeietant  Chemist,    Homestead  BtMl 
Works,    Carn^e  Steel  Co.,   Pittebnrg,   Pa.      Since  Angnst  I,   1695,   Anistiiit 
Chemist,  Board  of  Health,  New  York  City. 

Clark,  Edwin  Perry,  E.  M., 1880. 

Title  Guarantee  and  Trust  Co.,  26  Court  Street,  and  464  Second 
Street,  Brooklyn,  X.  Y. 
1880-63,  Engineer  and  SuTveyor  for  Silver-Cord  Combination,  and  Robert  E. 
Leo  Mining  Companies,  Leadville,  Colo.  1883-84,  Medioal  student.  1884  to 
date.  Assistant  Superiuteodent  and  afterwards  Superintendent  Title  Gnarantee 
and  Trust  Company,  55  Liberty  Street,  New  York,  and  26  Court  Street,  Brooklyn. 
In  charge  of  construction  and  maintenance  of  locality-indexes  of  Real  Estate  Re* 
cords  of  New  York,  Kings  and  Weetchester  coontiee,  N.  Y. 

Clark,  Franklin  Sinclair,  E.  M.,  Ph.  D.,    .         .         .    1886. 
Carolina  Oil  and  Creosote  Co.,  Wilmington,  N.  C,  and  627  Madi- 
son Avenue,  N.  Y.  City. 
1865-87,  Chemist  to  Fernoliue  Chemical  Co.,  Charleston,  8.  C.    1867  to  date. 
Proprietor  of  Southern  Chemical  Works  and  consulting  chemist  for  the  Carolina 
Oil  and  Creosote  Co.,  Wilmington,  N.  C.    Specialty,  Distillationof  Wood  and  re- 
fining products  and  oreoeoting  wood. 

Clark,  George  Hallett,  C.  E., 1893. 

59  E.  Sixty-seventh  Street,  New  York  City. 
1893-94,  Tranutman  Metropolitan  Traction  Co.,  Lexington  Ave.  Cable  Con- 
struction.    Aswstant  Engineer  in  obarge  constrnetion  I.exingtoa  Avenue  Ckble 
Boad.     Assistant  Engineer  D.  D.  I.,  from  Jnne  1,  1896,  to  date. 

Clark,  Wiluam  C,  M.  E 1892. 

Sterling  I.  and  Ry.  Co.,  Sterlington,  Rockland  Co.,  N.  Y. 


CoKEFAiR,  Francis  A.,  C.  E., 1894. 

66  Broadway,  New  York  City,  and  119  Cresent  Ave.,  Plainfield, 
N.J. 
CoLBT,  Albert  Ladd,  Ph.  B., 1881. 

The  Bethlehem  Iron  Co.,  Bouth  Bethlehem,  Fa. 
1881-83,  AnUtant  to  Pnrf.  C.  F.  Chandler  on  New  York  State  Board  of 
Hettlth  Bortaa  of  Cbemioal  Aoalyata.  1863-86,  Inatniotor  in  Qnantitative 
AnalyrieaDdChemicalPhilamidiy  in  the  LehigbUniveTBitj,  South  Bethlehem,  Pa. 
1886-03,  Head  Cbemiat  of  the  Bethlehem  Iron  Co.  1893,  to  date.  Metallurgical 
Engineer  nrae  Company,  Sonth  Bethlehem,  Pa.  Specialty,  Metallurgy  of  Iron 
and  Steel. 

Colby,  Charles  Edwards,  E.  M.,  C.  E.,       .         .         .     1877. 
Adj.  Profeaaor  Oi^nie  Chemistry,  Columbia  University  School  of 
Mines,  New  York  City. 

CouE,  Harold  Morris,  E.  M.,  C.  E.,     .        .         .         .     1887. 
Care  United  S.  and  E.  Co.,  East  Helena,  and  1045  N.  'VVarren  St., 
Helena,  Montaim. 
CoLTON,  Charles  Adams,  E.  M.,  ....     1873. 

363-371  High  Street,  and  57  Broad  Street,  Newark,  N.  J. 
1ST3-82,   AaiiBtant  in  Mineralogy,  School  ot  Mines,  Colamhia  College,  New 
York.     1883-84,  Professor  of  Chemiatiy  and  Mineralogy,  Rose  Polytechnic  In- 
stitnte,  Teire  Haute,  Indiana.     1884  t4i  date.  Director  and  Instrnctor  in  Chemistry 
and  Physics,  Newark  Tediuical  School. 

CoNANT,  Henkt  Du.vning,  E.  M.,  ....     1886. 

Address  unknown. 
1886-88,  Aniatant  Engineer  Tamarack  and  Osceola  Mines,  Lake  Superior, 
and  H.  and  C.  K.  R.  1888-89,  Asaiatant  Engineer  on  Preliminary  ot  Northern 
Michigan  Bailrood.  lB8d,  Aasintant  in  Chief  Engineer's  OfBce.  Buffalo  and 
Geneva  Bail  way,  1389-91.  Assistant  and  liesident  Engineer  Norfolk  and  Western 
Railroad,  in  charge  of  Prelimiuary  Location  and  Construotiou.  1891,  Engineer 
Coebum  lAnd  and  Improvement  Co.  ISS3,  Aasistaut  Engineer  N.  Y.,  N.  H.  & 
H.  Ry.     1894,  Aaaistant  Engineer  Plaza  de  Oro  Mining  Co.,  Eooodor,  8.  A. 

CoMODON,  Ernest  Arnold,  Ph.  B.,  F.  C.  S.,  .         .     1887. 

Professor  of  Chemistrj',  Diexel  Institute  Aria,  Spieiice  and  In- 
dustrj-,  and  1336  Spruce  Street,  Philadelphia,  Pa.,  or  care  H. 
M.  Congdon,  18  Broadway,  New  York  City. 
1887-89,  Cbemiat  to  Chaniplaln  Fibre  Co.,  Willsboroagb,  New  York.     1889, 
Studied  at  the  University  of  Berlin,  Summer  Semester.     1989  to  date,  Instrnctor 
in  Qnalitative  Analysia  aud  Aasaying  at  the  Lehigh  University.     1891,  Professor 
otCbem^ry  iu  the  Drexel  Institute  of  Arts,  Sciences  and  Industries,  Philadel- 
phia, Pa. 

Cooper,  William  Hamilton,  Ph.  B.  (Life  Member),  .     1882. 
Address  unknown. 
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CoHCORAN,  John  Thomas,  E.  M.,  S.  E.,         ...    1884. 

131  Smith  Street,  Brooklyn,  N.  Y. 
CoBNWALL,  Henry  Bedingeb,  A.  B.,  A.  M.,  E.  M.,  Ph.  D.,  1867. 

Professor  Analytical  Chemistry  and  Mineralogy,  College  of  New 
Jersey,  and  51  Nassau  St.,  Princeton,  N.  J. 

Cornwall,  Harry  Clay,  E.  M., 1879. 

Commonwealth  Insurance  Co.,  Nassau  Street,  New  York  City. 
Cox,  Jenningb  Stockton,  Jr.,  Met.  Enq.,     ,        .         .     1887. 

902  Lewis  Block,  Pittsburgh,  Pa. 
1867,  Government  Survey  for  Csnal  between  Harlem  and  Hadson  River.     1388- 

1889,  HomCBtead  Steel  Works,  Draaghtsman  and  afterword  Anistant  Alastcr 
Mechanic.  1890,  Inspeoted  ooastraction  of  Steamer  "SeznraDia"  and  "Vigi- 
lancia"  for  Uie  U.  S.  andB.  M.  S.  S.  Co.,  at  Roach's  Shipyard,  Chester,  P». 
1691,  Reporter  for  same  Company  on  Enpneering  mattem  along  the  Brazil  cout. 
1893,  with  same  Company  in  New  York.  1892,  Aaeistaat  Saperintendent  Aaron 
Iron-Mining  Company,  Ironwood,  Miohigan.  1B93,  Anistant  SaperiotCDdcnt 
Monte  Crista  Mining  Co.,  Pride  of  the  Mountain  Mining  Co.,  Rainy  Mining  Co., 
and  United  Concentration  Company.  1894,  Professiooal  work  in  New  York  and 
Cuba,     1895,  Agent  Crooker-^Vheeler  Electric  Co.,  Pittrfiurg,  Pa. 

COYKENDALL,  EdWARD,  C.  E., 1895. 

Roudout,  N.  Y. 
Cramer,  Stuart  W.,  E.  M.  (Associate),         ,         ,         .     1889. 

Manager  The  D.  A.  Tomkins  Co.,  Charlotte,  N.  C. 

Graduate  ol  United  States  Naval  Academy  ;  resigned  from  tbe  United  StstM 

Navy,  September,  1888.    Gradoate  stndent  at  Soliool  of  Mines,  1888-89.    As- 

myer  in  charge  of  the  United  States  Assay  Office,  Charlotte,  N.  C,  1689-93. 

Special  agent  for  collection  ol  statiaticflongold  and  silver  for  the  Sonthem  States, 

1890.  March  10,  1693,  to  present  time,  Engineer  and  Chemist  tor  the  D.  A. 
Tompkins  Company,  General  Engineeis  and  t^ntiactors,  of  Charlotte,  N.  C. 
Special  correspondent  of  Enginrering  and  Mining  Journal.  Specialty  :  Westing- 
bODBc  system  of  electric  ligbting  and  transmission  of  power. 

Crocker,  Francis  Bacon,  E.  M., 1882. 

professor  Electrical  Engineering,  Columbia  University  School  of 
Mines,  and  110  West  39th  Street,  New  York  City. 
1882-86,  Electrical  Engineer  and  Inventor.  1886-87,  Vice-President  and  Elec- 
trician of  "C.  and  C."  Electric  Motor  Co.  1887-89,  Vice-President  and  Electri- 
cian Crocker- Wheeler  Electric  Motor  Co.  188&-92,  Instmctor  in  Electrical 
Engineering,  School  of  Mines,  Columhia  University.  1692,  Adj.  Profenor.  1693, 
Professor. 

CusHMAN,  Alexander  Ka-msey,  Ph.  R,  Ph.  D.,    .        .     1878. 

Assistant  .Analytical  ChciniMtry,  Columbia  University  School  of 

3IincH,  and  128  E.  Sixteenth  Street,  New  York  City. 

1878-8U,  Post  Gradnate  stady  at  the  School  ot  Mines,  for  d^ree  <rf  Ph.  V. 

a  Colorado,  visiting  mines  and  smelters.     1882-90,  engaged  in  pnnniag 
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chemical  studies  and  lectnHng  on  geology.     1690  to  date,  Asauitiuit  Inatmctot 
in  Qualitative  L^boratorj  at  the  School  of  Mines,  Colnmbia  Univeraitj. 

D. 

Dahwin,  Haert  Gilbert,  C.  E., 1887. 

Room  23,  160  Broadway,  New  York  City,  aud  Glen  Ridge,  N.  J. 
June,  1887,  to  October,  1887,  Rodman  and  Leveller  on  Railroad  fleld  work  in 
New  Twk  State.  Ootober,  1387,  to  May,  1888,  Draughtsman  Strong  Looomotiva 
Co.,  New  York  City.  August,  1888,  to  date,  Aeeistant  Engineer  and  Acting 
Saperintendent  Safet;  Cor  Heating  and  Lighting  Co.,  New  York  City.  Erection 
of  special  gas  worke,  and  equipment  ot  railroad  care,  etc.  P.  Atet.  Aug.  S.  C.  H. 
L.  Co. 

Davis,  Charles  Henry,  C.  E., 1887. 

Room  306  Fidelity  and  Cainialty  Building,  99  Cedar  Street,  New 
York  City. 
Expert  Course  and  Thompeon-Honston  Electric  Co.,  Lynn,  Mass.,  summer 
1887.  Agent,  lawyer  Mann  Electrio  Co.,  winter  1887-88.  Supt.  aelling  sod 
«onatmction  New  York  office  8.  M.  Electrio  Co.,  Bnmmer  and  winterises.  Agent 
Weatioghonse  Electric  Company,  winter  18S9.  Consnlting  and  Snpervinog 
Electrical  Engineer  trom  May,  1889,  to  date- 

Davis,  John  W'oodbridge,  C.  E.,  Ph.  D.,      .         .         .     1878. 
Principal  Woodbridge  Sclioot,  417  Madison  Avenue  and  25  West 
119th  Street,  New  York  City. 

Deghuee,  Joseph  Albert,  Ph.  B.,  A.  M.,  (1892)  Ph.  D., 

(1893) 1890. 

Health  Dept.,  New  York  City,  and  247  Harrison  St.,  Brooklyn, 
N.  Y. 
Aanstant  D»nonstnt«r  in  Physics  and  Chemistry,  College  of  Physics  and  Snr- 
gery,  to  March,  1896.     March,  1896,  to  date,  Assistant  to  Chemist  New  York  City 
Health  Department. 

Delafied,  Augustus  Floyd,  Ph.  D.  (Associate),  .         .     1869. 

tJniversity  Club,  New  York  City. 
DeLuze,  Louis  Philippe,  C.  E., 1879. 

UeLiize  &Emmett,  p]hgineers  and  Surveyors,  New  Rochelle,N.  Y. 
Denton,  Frederick  Warneb,  C.  E.,     .         .         .  1884. 

University  of  Minn,  and  1100  5tli  St.,  Minneapolis,  Minn. 
1889-90,  Fellow  in  Engineering,  School  ot  Mines.    1890-94,  ProtesHor  of  Mining 
and  Civil  Engineering,  Michigan  ^lining  School,  and  in  general  practice  of  en- 
gineering.   1894  to  date.  Mining  Engineer  Minnesota  Iron  Co.    Secretary  ot  the 
Lake  Superior  Mining  Institute  since  its  organization  in  181)3. 

Derleth,  Cha8.  J.,  B.  S.,  C.  E., 1896. 

674  East  135th  St,,  New  York  City. 
Airistant  in  Civil  Engineering,  Columbia  Univereity. 
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Devekeux,  "Walter  BonRCHiER,  A.  B.,  A.  M.,  E.  M.,    .     1878. 
Address  unknown. 

DoBBiKB,  Max,  E.  M., 1895. 

Care  of  Lehigh  Valley  Coal  Co.,  Engiueering  DepartmeDt,  and  14 
Wright  St.,  Wilkeebarre,'Pa. 
Dodge,  Frank  Despard,  Ph.  B.,  Ph.  D.,       .         .         .     1888. 
Dodge  &  Oleott,  137  Water  St.,  and  111  Montague  St.,  Brooklyn, 
N.  Y. 
From  October,  1B91,  to  date,  Chemist,  with  Dodge  &  Oloott,  mBnnfactoren  of 
eeeential  oils,  etc.    1868-90,  Fellow  in  Chemistry,  Aeeistaat  in  Organia  l^bontor? 
School  o(  Mines.     1890-91  (etcidying  id  Germany). 

DoLAN,  Charles  Francis,  C.  E., 1892. 

Ill  East  129th  St.,  New  York  City. 
1892-93,  United  Statee  luapeotor  of  Dredging  Opeialiona,  Harlem  Ship  Cantd 
and  Newtown  Creek.    1893  to  date,  nith  Department  ot  Street  ImproTemenlE^ 
New  York  City.    1H94,  with  U.  8.  Engineers  on  New  York  Harbor  Improve- 

DoNNELL,  Harry  Elltngwood,  Ph.  B.,  ...     1887. 

Address  unknown. 
Douglas,  John  Sheafe,  C.  E., 1890. 

Chaplin-Douglass  Electric  Co.  Mnfgs.  Agents,  136  Liberty  St. ,  and 
72i  Irving  Place,  Xew  York  City. 
1890,  Conrse  Electrical  Engineering,  Colnmbia  Collie.  1891,  Cnxktr- 
Wheelec  Electric  Motor  Company,  and  now  AsaiBtant  Engineer  Western  Electric 
Company  in  Lighting  Department.  1693,  Boperintendent  ot  Union  Elect.  Co.'s 
Exhibit  at  World's  Colombian  Exposition,  Chicago.  1895,  Seoretory  and  Treas- 
urer Chapin-Don|;laB  Elec.  Co. 

Douglass,  Edwakd  Morehouse,  C.  E.,        .         .         .     1881. 
Topographer  U.  S.  Geol,  Survey,  and  Takoma  Park,  Washington, 

D.  C. 

Dow,  Allan  Wade.  Ph.  B.  (Life  Member),  .  .     1888. 

OfBce  of  the  Engineer  Commisaion,  Diwtriet  of  Coulmbia,  Wash- 
ington, D.  C. 
1888-89,    Honorary    Fellow   Qoant.    Laboratory,  School    ot    Mines,     1689. 
ChemiBt  at  Tilly  Foster  Mine,  New  York.    1889-91,  Assistant  Chemist  ol  The 
Barber  Asphalt  Paving  Co.    1894,  District  Chemist,  Inspector  Asphalt  Cement 
and  Bnilding  Stone,  District  of  Columbia. 

Downs,  M'illiam  Fletcher,  E.  M 1882. 

Jo^ph  Dixon,  Crucible,  Co.,  and  75  Fairview  Ave.,  Jersey  City, 
N.  J. 
With  the  Joeeph  Dixon  Crncible  Co,  since  gradnation.    From  June,  1882,  to 
September,  1882,  at  experimental  work.    From  September,  1682,  to  October, 
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1B81,  in  diaigB  of  Ivbricatjog  department.    From  October,  1884,  to  present  time 
Superlnteiuleiit  of  cmoible  and  other  deptUTtments. 

Dbasel,  Charles,  E.  M., 1895. 

56  Bowers  St!,  Jersey  City,  N,  J, 

Dkesser,  Daniel  Le  Rot,  C.  E., 1889. 

55  White  Street,  New  York  City  and  Oyster  Bay,  L.  I.,  X.  Y. 

Drummond,  Isaac  Wtman,  E.  M.,  Ph.  D.,     .        .        .     1878. 
F.  W.  Devoe  &  Co.,  William  aud  Fulton  fits.,  Xew  York  City. 

DrpouRCQ,  Edwahd  Leonce,  E.  M.,  .  .  .  .  1892. 
Oflciaaa  Volcan,  Sierra  Mojada,  Coahuila,  Mexico. 
1893-93,  AidaliMit  Snperintendent  Coeta  lUca  Fadfic  Gold  Mining  Company, 
Pnnta  Arenas,  Costa  Gtca.  Snmmer  of  1893,  Aaustant  in  Mining,  Columbia 
CoUcf^  and  Transitman  tor  J.  F.  Carey  &  Co.,  Brooklyn.  November,  1R93,  A9- 
BistADl  Engineer,  Maiapil  Copper  Company,  Conoepion  del  Oro,  Zaoatecas, 
Mexico,  and  AaslHtaat  Engineer  Coahnila  and  Zaoateoae  Railroad.  Pall  of  1B94, 
Engineer  of  International  Mining  Co.,  Ban  Mignel  de  Meequital,  Mexico.  1895- 
96,  Mining  Department  Kansas  City  Smelting  and  Heflning  Company,  El  Paso, 
Texas. 

DcKHAM,  Edwabd  Kellogg,  Ph.  B.,      .         .         .        .     1881. 
338  East  Twenty-sixlh  Street,  New  York  City. 
Proteaaor  of  Pathology,  Bacteriology  and  Hygiene  io  the  Bellevne  Hcspitel 
Medical  College,  New  York  City.    . 

DcRHAM,  H.  W.,  C.  E., 1895. 

U.  y.  Geological  Survey,  Washington,  D.  C.,  and  12-5  Brooklyn 
Avenue,  Brooklyn,  N.  Y. 
Draoghtsman  Kapid  Transit  Commisgion,  June  to  Deoember,  1B95.    Field  As- 
Ritant  U.  S.  GeolOKical  Survey,  May,  189S,  to  date. 

DusENBEBBT,  Walter  Lorton,  E.  E.,  .  ,  ,  .  1884. 
220  Tenth  Street,  S.  Brooklyn.  S.  Y. 
1B84-87,  miscellaneouB.  U.  S.  Coast  Survey.  Mioing  in  Mexico  and  the  West. 
Sarvej  of  New  Parks,  Wpslcheater  Coonty,  etc.  1887-89,  Inspector  of  Masonry 
and  Transltman  on  New  Croton  Aqueduct.  1889-91,  in  charge  of  party  and  As- 
sistant Engineer  ol  ConBtraction  Department  of  Public  Parks,  New  York  City. 

Dl-tcher,  Basil  H.,  Ph.  B., 1882. 

525  Manhattan  Avenue,  New  York  City. 
Snmmer  of  1800,  on  Reconnaissance  Snrvey  in  Idaho  and  Nevada,  Biological 
Survey,  U.  S.  Department  of  Agriculture.  Summer  of  1891,  on  Death  Valley 
Survey,  California,  U.  S.  Department  of  AgrioultDre.  Summer  of  1892,  Biolog- 
ial  Survey,  D.  S.  Deportment  of  AgriooHnre,  in  Kansas,  Oklahoma,  Texas,  New 
Ueiico.  Winters,  1892-93  and  1693-94,  Stndent  Collie  PbyaiciauB  and  Sar- 
geciis,  Columbia  University. 
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DwroHT,  Abthl'b  Smith,  E.  M 1885. 

SuperiDteodent  Colorado  Smelting  Co.,  Pueblo,  Colorado. 
18S5,  AwKtant  Atmjer  at  works  of  Tbe  Colorado  Smeltiog  Compoii;,  Pueblo, 
Colorado.  1B85  to  1888,  AeeiBtiiut  Cheiniat  and  Chemiet,  exoept  sntnmn  d  1886, 
when  examining  and  reporting  on  lead  deposits  ol  Cfpnr  d'Alene  region,  Idaho 
Territory,  and  spring  of  1889,  when  acting  aa  Aaaiatant  Snpt.  Madonna  Hine, 
Monarch,  Colorado.  1889-90,  Metallnrgiat,  and  np  to  date,  General  Snpt.  ol  Qie 
Colorado  Smelting  Co. 

fi. 

Easton,  Langdon  Cheveb,  C.  E.,  .         .        .         .1 884. 

59  Flood  Bldg.  and  1906  Bush  Street,  San  Francisco,  Cal. 

1885-88,  Engineer  Corps,  Aqnednot   Cotnmiesion,   New  York  City.     1889-96, 

Inspector  and  Aaustant  Engineer  engaged  in  Biver  and  Harbor  Improrement  in 

California  nnder  direoUon  of  Corps  of  Engineers,  U.  S.  A. 

Eastwick,  Geoege  Spencer,  C.  E.,       ....     1879. 
Manager  American  Sugar  Refining  Co.,  24  North  Peters  St.,  Kew 
Orleans,  La.,  and  1425  Broadway,  New  York  City. 

Eastwick,  Edward  Peers,  Jr.,  Ph.  B.,  S.  E.,  C.  E.  (1892),  1889. 
Care  of  American  Sugar  Belining  Company,  New  Orleans  La. 

Eberhardt,  William  G.,  E.  M., 1891. 

450  W.  Twenty-second  St.,  New  York  City,  and  Oakland  Place, 
Tremout,  New  York. 
1891-93,  General  EDgineering  and  Dranghting,  Alaroh,  1893,  to  ilaj,  1884,  As- 
aierbint  Snperintendent  and  Assayer  Powhatan  Land  and  Mining  Co.,  Vs.     1894- 
95,  Aesayer  and  Surveyor  Mazapil  Copper  Co.,  Zocatecas,  Meiioo.     189C,  Pro- 
fessional work  in  Mew  York  and  Nfiw  Jeteey. 

Eddie,  Edward  Crittenden,  E.  M.,     .         .        .         .     1885. 
Colorado  Smelting  Co.,  Pueblo,  Colo. 

Edwards,  Richard  Mason,  E.  M.,         ....     1886. 
Bed  Jacket  and  Ilougbtou,  Slicb. 
1886-87,  General  Auay  office  at  Uongbtou,  Mich.    1888-89,  Professor  tA  Min- 
ing, Michigan  Mining  School,  Hongbton.     1890  to  date,  Mining  Engineer  tor 
Tamarack,  Tamarack,  Jr.,  Osoeola  and  Kearaarge  Mining  Cos.,  L.  S.  Mich. 

EiLERS,  Karl  Emrich,  E.  M., 1889. 

Mining  Dept.  Cons,,  Kansas  City  Smelting  and  Refining  Co.,  El 
Paso,  Texas,  and  751  St.  Mark's  Ave.,  Brooklyn,  N.  Y. 
1889-91,  student  and  traveling  in  Europe.    1895-96,  Aegitrtant  Superintendent 
Colorado  Smelting  Co.,  Pueblo,  Col. 

Elliott,  Arthur  Henry,  Ph.  B.,  Ph.  D.,      .         .         .     1881. 

4  Irving  Place,  New  York  City,  and  New  Rocbelle,  N.  Y. 

Professor  Chemistry  and  Physice,  Now  York  Collie  of  Phannaoy.     Chemist  to 
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Conaolidftted  G«s  Co.    Editor  Anthonf's  Fkotoffraphie  Bidhtiit.    Antbor  A.  H. 
Elliott's  QoalitstiTe  Chemiwl  Analysis. 

Eluott,  William,  Ph.  B., 1880. 

56  Wall  St.,  New  York  City. 

Emandel,  L.  v.,  C.  E 1896. 

122  E.  83d  St.,  New  York  City. 

Enoel,  Louis  George,  E.  M., 1880. 

Brooklyn   Sugar  Refinery,  American  Sugar  Refinery  Co.,  Kant 
Ave.  and  S.  2d  St.,  and  238  Clermont  Ave.,  Brooklyn,  N.  Y. 
Three  years,  Tilty  Foster  Iron  Uine  (E.  M. ).    Thirteen  years,  Brooklyn  Sugar 
Befinery. 

Engelhasdt,  EnoENE  Nicholas,  E.  M 1885. 

Belby,  Contm  Costa  Co.,  Cal. 
1688,  Amyer,  Chemist  and  Assistant  Bnperintendent  Pneblo  Bmelting  and  Re- 
fining Co.     1887  and  1888,  Superintendent  of  the  same  oomi^ny.     1886,  Assistant 
Superintendent  Anaconda  Smelting  Co.    From  1890  and  to  preoent  time,  Assistant 
SoperinteDdent  Selby  Smelting  and  Lead  Co. 

EvAHS,  I.  N.,  C.  E 1895. 

41  Dey  St.,  New  York  City. 

F. 
Fahtb,  George  Eenest,  C.  E., 1884. 

38  Maiden  Lane,  New  York  City,  and  285  DeKalb  Ave.,  Brooklyn, 
N.  Y. 

Treasnier  Prentias  Calendar  Time  Co. 

Falk,  David  Beaueegard,  C.  E.,  ....    1882. 

Bavannah,  Ga. 
Fearn,  Peect  Le  Rot,  E.  M. 1889. 

18  Broadway,  N.  Y. 
1889-90,  Assayer  and  Bnrveyor,  Trinidad  Mine,  Ccata  Eica.  1890-93,  Soperin- 
tendent,  Trinidad  Mine,  Costa  Rioo.  1892-93,  Consnlting  Mining  Engineer  Illi- 
nois Flnor  Spar  and  Lead  Co.  1893-94,  Tioe-Preeident  of  above.  1894-06,  en- 
gaged in  examioing  and  reporting  on  Mines  in  Western  States  and  Mexico. 
1896,  entered  firm  of  Oloott,  Feam  &  Peek,  18  Broadway,  New  York. 

Ferguson,  "William  Cushman  Augustinb,  Ph.  B,,        .     1887. 
Nichola  Chemical  Co.,  Laurel  Hill  Chemical  Works,  Laurel  Hill, 
N.  v.,  and  40  N.  Parsons  Ave,,  Fluahlng,  L.  L,  N.  Y. 
Cbiel  Chemist,  Nichols  Chemical  Co.,  Lanrel  Hill,  N.  Y. 
Ferrer,  Carlos  Ferrer,  C.  E., 1883. 

39  Broad  Street,  New  York  City, 

After  graduation  for  a  few  weeks  on  work  at  ttae  School  of  Mines.    Then  under 


D.g.tizecbvGoOgle 


Mr.  W.  E.  Worthen,  C.E.,  on  some  work  for  the  Water  Commiaaioncn  ol  tlM 
State  of  New  Jeiaej.  From  Uaroh,  1B84,  to  Jautuur,  18B7,  on  the  Engineaii^ 
Corpe  of  the  Aqaedoet  CoramitsioneiB,  New  York  Citj,  as  AeeiBttuit  to  Engineet 
of  CoDstmction  ;  Leveleria  charge  ot  field  work  on  Seotion  "A.;"  reduced  to 
Itodman  in  charge  olmme;  promoted  to  Anistant  Engineer  ;  resigned  in  Janoacy, 
1887,  and  have  since  been  engaged  id  huaineae  lor  in;  own  aoooant  at  above  ad- 

Ferris,  Junius  Oolton,  E.  M 188S. 

Carthage,  III. 
Fevchtwanger,  Henht,  Ph.  B., 1832. 

Room  19,  99  Franklin  St.,  New  York  City. 
FiALLOS,  Enrique  Constantino,  C.  E.,  ...     1883. 

So.  27,  Calk  10a,  Tegucigalpa,  Honduras,  C.  A.,  aud  Care  Ernest 
Schemikow,  P.  0.  Box  3540,  New  York  City. 
General  practice  in  EDgineering.    Proteeaor  o(  Mathematics  and  Mineralogy  in 
the  University  ot  Tegndgalpa.     The  most  extenaive  practice  has  been  as  Goven- 
ment  Snrveyor  of  Lands  and  Mines. 

FiSHEK,  WlLLABD  E.  M 1888. 

Agent  Illinois  Zinc  Co.,  115  Broadway,  and  361  W,  Fifty-sixth  St., 
New  York  City. 
Diaagbtamaii  to  Farsona,  C.E.,  New  York  City.  Aadstant  to  SaperiDteadent 
S^oviaGold  Mining  Co.,  Nicaragna.  Clerk,  Office  of  Rich  Hill  Coal  MiningCo., 
Bich  Hill,  Mo.  Engineer  and  Mine  Sarveyor,  Rich  Hill  Coal  Mining  Co.,  Gidi 
Hill,  Mo,  Prospecting  for  coal,  Southwest  Missouri,  along  the  line  ot  Wicblaw 
&  Western  in  the  interest  of  the  Miasoari  PaoiGo  Railroad.  Sont^em  Sales 
Agent,  Coal  Cos.,  on  the  lines  ol  Missonri  Paoifio  Railway.  President  l^ler  S. 
E.  Railway  ol  Texas. 

Floyd,  Frederick  William,  C.  E.,  M.  E.,    .         .         .     1877. 
529  W.  Twentieth  St.,  and  175  W.  Eighty -seventh  St.,  New  York 
City. 
1877-78,  Honorary  Assistant  in  Metallnrgy,  Bcliool  of  Mines.    1878-81,  U.  S. 
Geogrephic»l  Sorveys,  West  ot  100th  Meridian.    1881-82,  Preliminary  Survey 
New  Croton  Aqnednct  and  Dam,  New  York.     1882,  Reporting  on  Mines  in  Colo- 
rado.    1883  to  date,  Firm  ot  James  R.  Floyd  &  Sons,  Iron  Works.     Specialty, 
Gaa  Engineering  and  Gas  Works  Conatmotion. 

FoERSTER,  David,  E.  M., 1895. 

Box,  4,  Woodland  Park,  Colo.,  also  5  Eaat  Pearl  Street,  Cindn- 
uati,  O. 
Chemist,  N.  J.  Zino  and  Iron  Co.     Asaayer  and  Snrveyor,  Went  Creek,  Colo. 

FoLGEH,  Edward  P., 1894. 

80  Quiucy  Street,  Brooklyn,  N.  Y. 
Foster,  Reginald  Guy,  C.  E 1883. 

16  E.  Thirty-first  Street,  New  York  City. 
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Fowler,  Albert  Casimir,  C.  E., 1889, 

Cienfuegos,  Cuba. 
Fowler,  Samuel  Stewart,  A.  B.,  E.  M 1884. 

Engineer,  Ttie  London  and  British  Columbia  Goldtields,  Box  106, 
Nelaon,  B.  Col. 
1885,  Civil  EogineerinK  Work,  New  York.  1866,  ABsistant  Saperintendent, 
Iron  Hill  Mining  and  Milling  Co.,  Black  Hills,  South  Dakota.  1887,  Agnatont 
Superintendent  Galena  Redaction  Co.,  Blaok  Hills,  Bontli  Dakota.  1888,  Saper' 
intendent,  Intemational  Bnielting  Works.  Texas,  Engineer  and  AasByer,  Banker 
Hill  and  Sullivan  Mg.  and  Cone.  Co.,  Idaho,  1889,  Reporting  sundry  properties. 
1890  to  dale,  Saperintendent  Golden  Mining  and  Smelting  Co.,  Golden,  B.  C., 
Canada.  Depntrj'  Commisrioaer  World's  Colnmbiaa  Ezpoeition,  1893.  Engineer 
the  London  and  Britisb Columbia  GoldAel<ls,  Nelsou,  B.  Col.,  1B96-97. 

FOTE,  Andrew  Ernest,  C.  E., 1890. 

Member  of  Finn,  Foster  &  Foje,  52  Broadway,  and  163  West 
Seventy-ninth  Street,  Xew  York  City. 
1890-93,  Engineer's  office,  M.  W.  P.  R.  R.     1892-94,  Tator  in  Qvil  Engineer- 
ing, School  of  Mines.    1894-96,  Inatmctoi  in  the  same.    Contraotora  Conanlting 
Kngioeer  Nyacfc  Senerage  System,  Chief  Bngineer  InteT'Stete  Contracting  and 
Conatrnction  Co. 

Frank.  Jerome  William,  Ph.  B.,  ....     1888. 

29  Broadway,  Sew  York  City. 

Freeman,  William  Horatio,  C.  E 1889. 

27  Thames  Street,  and  1.57  W.  119th  Street,  New  York  City. 
Poetrgradnate  in  Elect.  Engineering,  1889-91,     John  Tyndall  Fellow,  1891-92. 
TntOT  in  Elect,  Engineering,  since  1893.     Additional  degree  of  E.  E.,  in  Jnne, 
1691.     AsBOciate  Editor  Electric  Poicer. 

Friedman,  Samuel,  C.  E., 1892. 

Tuscaloofia,  Alu. 

Furman,  Howari*  Van  Fleet,  E.  M.,  ....  1881. 
Room  118,  Boston  Building,  Denver,  Col. 
1883-88,  Asaayet  and  Chemist  and  Foreman,  Germania  Lead  Works,  Utah. 
Chemist,  Globe  Smelting  and  Refining  Co.,  Denver.  AeeiBtant  Snpeiintendeut, 
Billings  Smelter,  Sooorro,  New  Mexico.  Saperintendent,  Bailey  Sraelter,  Den- 
ver, Colo.  1888  to  1894,  Consulting  Mining  Engineer  and  Metallnrgist,  Office  in 
Denver.  1894  and  1895,  Chief  Asaayer  U.  S  Mint,  Denver,  Colo.  I89S,  Profes- 
sor of  Mining  and  Metallargy,  Colorado  State  School  irf  Mines,  Golden,  Cola,  also 
office  as  above. 


Garlichs,  Herman,  E.  M., 1880. 

Care  of  Cons.  K.  C,  S.  &  R.  Co.,  Ai^ntine,  Kansas. 
1880-83,  Surveying  and  Reporting  on  Mines  in  Colorado.     1883-87,  Aseislant 
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SaperiDtcndrat,  Aarora  S.  &  H.  Co.,  Anrom,  111.  1S67  to  1804,  Saperintendnit 
KeSning  Department,  Omaha  and  Grant  S.  and  R.  Co.  Specialty,  Bilvei  sod 
Lead  Smelting  and  Refining.  1S&4,  Metallnigiet,  Velardena  Mining  Co.  Super- 
intendent  BefiniDg  Department.  Cons.  K.  C.  S.  &  G.  Co.  Oct.  1,  1895  to  d^tc. 
Snperintendent  Smelting  and  Refining  Departmeots,  1697. 

GiLDERSLEEVE,  AlGER  C,  C.  E., 1895. 

28  W.  48th  St.,  and  39  Cortlandt  Street,  New  York  City. 
1889  to  1892,  Stndied  Law  ;  1892,  Laborer ;  1893,  Tiuositman  ;  1894,  Aenstant 
Engineer,  Department  ot  Dooka,  New  York  City,  reigned  in  Jnne,  1894,  to  ac- 
cept pceition  as  Engineer  lor  Jobn  C.  Rodgers,  Contractor,  on  oonstmctioD  o(  the 
Second  Section  Harlem  Kiver  Driveway.  Besigned  in  Novembtt,  1895,  and 
opened  private  ofSce  at  39  Cortlandt  St.,  as  Engineer  and  Contractor  for  Pieis, 
DockB,  Fonndationa  and  Heavy  Masonry. 

GiFFORD,  Stanley  Detol,  E.  M.,  ....     1889. 

No.  115  Broadway,  New  York  Oty,  N.  Y. 
Vioe-Prerident,  Montana  Ore  Purchasing  Co.— Eagle  PaiW,  Mexico. 

Gillette,  Halbert  Powers, 1892, 

AsBt.  State  Engineer,  Powers  Block,  Rochest«r,  N.  Y. 
1692-94,  Deputy  County  Surveyor  on  bigbways  and  bridgea  ;  1894-95,  Boat 

Railway  Survey,  Dalles,  Ore.,  contractor  and  designer  lor  highway  bridges ;  1693, 

Aaat.  Summer  Bchool  of  Sorveying.     School  of  Mines.     Aeet.  Dept.  Pbyaics,  1SS6. 

Aaat.  to  State  Engineer,  N.  Y.,  on  Canal  Improvements.     Asmstant  New  Ywk 

State  Engineer  since  March  1, 189S. 

GoDLET,  Richard  D.,  Jr.,  E.  E., 1896. 

Whiteatone  Landing,  L.  I.,  N.  Y. 

Going,  Charles  Buxton,  Ph.  B.,  ....     1882. 

President  Cincinnati  Desicciitiug  Co.,  Cincinnati  and  Glendale,  0. 
Troatee  and  Secretary  and  Treaanrer,  Glendale  Water  Works,  1692-95- 

GoLDSCHMiDT,  Samuel  Anthont,  A.  B.,  A.  M.,  E.  M., 

Ph.  D.  (Life  Member,) 1871. 

President  Columbia  Chemical  Works,  43  Sedgwick  St.,  Brooklyn, 
N.  Y.,  and  New  York  City. 
AanBtant  Ohio  Geological  Snrvej,  1S7L  Chemist  and  Aasistant  Inspector  (^ 
Fntilizeis,  Savannah,  Ga,,  during  winters  ol  1871-75,  Dnring  snmmeis,  Aea»- 
tant  to  Dr.  Chandler,  Inspector  New  York  Board  ol  Health,  1873-75.  Reportiog 
on  Qnono  Islands,  Sovth  Pacific,  1876.  General  Consulting  Practice,  1876-80. 
Inspector  Offensive  Trades,  New  York  Board  ot  Health,  1379-88.  Treasurer 
Columbia  Chemicst  Works,  1880  to  1691.    Specialty,  Ammonia  Manufacture. 

Good,  George  McClellan  Houtz,  E.  M.,  .  .  .  1886. 
Mining  Enfi^neer,  Osceola  Mills,  Clearfield,  Co.,  Pa. 
1867-91,  Engineer  to  the  Hontz  Estate,  Houtzdale,  Pa.  1892,  Mining  En- 
gineer to  the  United  Collieries  Company.  1892,  Asaistant  General  Manager  of 
the  same.  Also  in  1895,  Assistant  Engineer  Altoona  &  Fhillipabnig  connecting 
B.  R.    July,  1895,  Chief  Engineer  ot  same. 
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Goodwin,  Edward,  E.  M., 1891. 

Moecow,  Idaho. 
JdIj,  ie87-Oiit»ber,  1S89,  on  Hsileni  Kiver  Canal,  New  York.  1891,  A«ia^ 
ant  in  HiDenlogj-,  and  tospting  of  1893,  Ama-jet  for  Tombstoae  Mill  and  MiniDg 
Co.,  TombatODe,  A.  T.  Sluing  of  1893,  Eiperimental  Cyanide  plant  at  Tomb- 
atone,  A.  T.  Fall  of  1893-enminer  1894,  Ansj'er  at  Tezaa  Con.  Gold  Mine,  and 
Ansjer  and  Aaeistant  SnpemiteiideDl  at  Bull;  Choop  Hinc«,  Shasta  Co.,  Cali- 
lomia.  December  1894-June  1895,  Aesa;er,  Paget  Soand  Red  Co.,  Everett, 
Waah.  June  ISQS-Ootober  1B95,  Anayer  and  Foremaa,  Uonto  Criato  Hining 
Co.,  Honto  Ciiato,  Waab.  October  1885,  Frof.  Mining  Uaiveni^  of  Idaho,  Hoe- 
cow,  Idaho. 

Gordon,  John,  Jr.,  E.  M., 1871. 

G.  O.  Gordon,  66-70  Beaver  Street,  New  York  City. 

Merobont,  Edward  Johnaon  &,  Co.,  62  Saa  Pedro,  Rio  de  Janeiro,  Bfazll. 
Gosling,  Edgar  Bonaparte,  E.M.,  Ph.  D.,  .  .     1884. 

Windsor  Hotel,  New  York  aty. 

Tutor  in  Matbematics,  Colombia  Univetei^  from  1684  to  1886.  Drangbtanuui 
and  afterwards  Assistant  Engineer  in  Departments  of  Docks,  New  York  Ci^, 
1886-88.  In  MannfactDring  Bnsinees  in  Paris,  Pranoe,  1888-89.  Tutoring  in 
HatfaemBtace  and  Engineering  Branches  in  New  York,  and  Baperintending  bnild- 
ing  of  hoostt,  introducing  Cuim-bDming  FamaoM  in  U.  S.,  1889-91.  In  obaige 
<rf  erection  of  bnildings  in  artifloial  stone  (Beton  Coignet),  tor  Gte  Snes  Canal 
Company,  Egypt. 

Grapp,  Charles  Everett,  E.  M.,  .  .  .  .  1885. 
50  Highland  Ave.,  Jersey  City,  N.  J. 
188S-87,  Atststant  Engineer,  Centnl  Entre  Biano  R^lioad,  Argentine  Re- 
public, B.  A.  1887-88,  Engineer,  Arizona  Union  HiningCo.,  Preeoott,  Arisona. 
1888-90,  Hanntaotnring  Work,  Binding  Twine  and  Rnpeis.  1890-91,  Engineer, 
Eagle  Oil  Ca 

Granger,  A.  D.,  C.  E 1892. 

Burborn  &  Granger,  136  Liberty  St.,  New  York  City,  and  22 
Stuyvesant  Ave.,  Brooklyn,  N.  Y. 
Sammer  and  Fall  1892,  with  C.  W.  Hnnt  &  Co.,  and  E.  P.  Oleason  Mfg.  Co., 
as  draughtsman.  November,  1893-Novemlmr,  1693,  diaughteman.  The  Link 
Belt  Engineering  Co.,  New  York  branch.  Member  of  firm  of  Burhom  &  Qrangei 
from  November  1893  to  date.  Specialties  :  Boilers,  Engines,  Complete  Bteam  and 
EleoMc  Plants. 

Geatacap,  Lours  Pope,  Ph.  B., 1876. 

Curator  American  Museum  Natural  History,  Seventy-seventh  St., 
and  Eighth  Ave.,  New  York  City  and  West  New  Brighton 
(Richmond  County),  Staten  Island,  N.  Y. 

Greenleap,  James  Leal,  C.  E., 1880. 

Consulting  Engineer,  No.  1,  Broadway,  New  York  City,  and 
Llewellyn  Park,  West  Orange,  New  Jersey. 
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Spedal  Agent  fw  Tentb  Cenaiu  tot  Water-pown  from  1S80  to  1882.  Binee  fn- 
fltracting  in  EngiDeeriDg,  civil  and  sanitarj,  in  School  of  MIdcb,  Colambia  Uid- 
versity.  1691,  AdjoDot  Profenor  Civil  EngiDeering,  Colambift  UDiTereitf.  B»- 
signed  profeMorahip  in  1B95  and  gave  ezaInwvestt«DtioD  tobariueataBCoiwnltiDg 
Engineer. 

Gbeekte,  David  Joy,  C.  E.,  M.  E.  (Sibley  College),       .    1894. 

Standard  Silica,  Cement  Co.,  Fluehing  Street,  Long  Island  City, 

and  300  Oakland  Avenue,  Brooklyn,  N.  Y. 

Jime,  1895,  gndnated  fiMn  Sibley  College,  Cornell  Dniv.,  wiA  degree  of  He- 

^umical  Engineer.     August  1895,  to  preeent  time,  Snpt.  ot  the  Standard  Silica 

Cement  Co.,  L.  I.  City,  N.  T. 

Gbiswold,  William  Tudor,  C.  E.,  .  .    1881. 

U,  8,  Geological  Survey,  Washington,  D.  C,  and  Boise  City, 
Idaho. 
Ghobs,  Lodis  Nathan,  B.  S.,  E.  M.,      .  .        .     1884. 

Merchant  and  38  East  Fifty-eighth  Street,  New  York  City. 
Gudeman,  Edward,  Ph.  B.,  Ph.  D 1887. 

Davenport  Syrup  Ref.  Co.,  Davenport,  Iowa, 
gtndeutat  the  Dnivei8iti«oI  Berlin  and  Gottingen,  1687-89.  Private  AsdMant 
with  Dr.  C.  F.  Chandler,  and  Honorary  AseistaDt  at  tbe  Sohool  of  Mines.  1889 
and  1890,  ProfeoKor  ol  Chemistry  in  charge  <^  the  Department  of  Cliemiatay,  Dye- 
ing and  Pottery  at  the  Penneyivania  Mnsenm  and  Stdiool  of  ludostrial  Art, 
Philadelphia,  Pa.  1890-92,  Chemist  with  the  American  Glooose  Company  at 
Bofblo,  N.  T.,  and  Peoria,  111.  1693-93,  Chemist  in  charge  ot  Pecnia  Grape 
.Sugar  Company,  at  Peoria,  111.  189ft-fi7  Chemical  Superintendent  of  the  ssnie. 
1897,  Superintendent  Davenport  Symp  Eefining;  Company. 

GuDBWiLL,  Charles  Edward,  C.  E.,      .         .  .     1890. 

P.  0.  Box  603,  Montreal,  Canada. 
1890-91,  ABsistant  iu  Engineering  Department,  Sohool  of  Uines,  under  Piof. 
Trowbridge.     1891  to  date,  AMistant  Ei^neer  Dominion  Constmction  Co.,  Hon- 
tre^  Canada. 

GuiTERMAN,  Edward  Wolf,  Ph.  B.,     .        .  .    1889. 

Passaic  Print  Worka,  Passaic,  N,  J. 
1890-96,  Chemist  PasBoio  Print  Works,  Paacaio,  N.  J. 

H. 

Haas,  Edward  F.,  C.  E 1894. 

Berkeley,  Cal. 

Haasis,  Dunbar  Ferdinand,  E.  M.,      .  .         .     1888. 

U.  S.  S.  "Godney,"  Box  173,  and  83  Bector  St.,  Perth  Amhoy, 

N.  J. 

1883-84,  Inspector  of  bridge   work,  Stony  Point,  New   York.     1885-88,   At- 

Myer  and  Chemist,  atteiwards  General  Mauser  Panal  Mining  and  Milling  Co,, 
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(■Urer),  Mexico,  1889,  with  Corpg  of  Engineers,  U.  8,  A.,  on  New  York  Harborim* 
proTement&  1890  to  dftte,  Engineer  Marion  Pfaoeptattte  Co.,  Florida,  and  Engineer 
HMnbnrgh  Pboepbate  Co.,  Florida,  Snrv^ing,  prospecting  and  reporting  on  Ph«»- 
pbato  depoaitB.  1892-93,  witb  U.  8.  EDgitteera  in  charge  constraotion  Concrete 
ForUOcationB.  Inohargeot  Harbor  ImpivTemeuta.  Aseiatant  Engineer  Dominion 
C<Histnictioa  Compan;  for  pipe  laying  and  Rnerroir  eogiDeeriag. 

Haffen,  Louis  Fkancis,  A.  M.,  C.  E.,  .        .         .        .     1879. 
Commissioner  Street  Improvements,  One-Hundred  and  Forty-flrst 
St.,  and  Third  Ave.,  and  647  Cortland  Ave.,  23d  Ward,  New 
York  City. 

Hale,  Ajlbeht  Wakd,  A.  B.,  A.  M.,  E.  M 1867. 

Department  of  Public  Works,  East  Twenty-fourth  Street,  and  81 
Clinton  Place,  New  York  aty. 

Haix,  Bobebt  William,  E.  M. 1876. 

Chemical  Building,  University  of  New  York,  University  Heights, 
24  Ward,  New  York  City. 
From  1B79  to  1888,  Chemist  to  the  American  Oas  Fuel  and  LigbtCompony  and 
to  some  aeeociated  companies.  Since  tbe  antomn  of  1888,  Acting  Amstant  Profes- 
sor of  General  Chemistry  in  tiie  University  of  the  City  of  New  York.  Since  the 
antamn  of  1890,  also  Acting  Profeiaor  of  Analytical  Chemistry  in  the  same  insti- 
tation.     J691,  Protemoi  of  Analytical  CbemlBtry,  same  institntioa. 

Haixock,  Albert  Petek,  Ph.  B.,  Ph.  D.,      .         .        .     1880. 

440  First  Avenue,  New  York  City,  and  161  Sidney  Ave.,  Mt. 

Vernon,  N.  Y. 

June,  1880,  to  October,  1880,  with  Dr.  P.  de  P.  Eioketts.   October,  1880,  to  No- 

Tember,  1887,  Chemist  Consolidated  Gas  Co.     NoTCmber  1887,  to  January,  1B89, 

in  the  shell  lime  bnrinev.    Jannaiy,  1889,  to  dates  Chemist  to  Carl  H.  Shaltz, 

Mineral  Water  Factory.    Specialty,  Oas  and  Mineral  Water  Chemistry. 

Hamilton.  Frank  C,  E.  M.,  A.  M 1894. 

Aseayer  Brodie  Gold  Reduction  Co.,  Cripple  Creek,  Colorado. 
1894,  Anistant  Anayer  Colorado  Smelting  Co.,  Pa eblo Colorado.     1696  to  date, 
Awayer  Brodie  Gold  Bed  Co.,  Cripple  Creek,  Colorado. 

Hankinbon,  Albeet  Worthington,  C.  E.,    .        .         .     1893. 
114  West  Fori;y-flflh  Street,  New  York  City. 

Hanna,  George  Bthon,  A.  B.,  E.  M..    .         .  .     1868. 

Charlotte,  N.  C. 
Chemtrt  and  Anistant  Geologist,  North  Carolina  Geological  Sorvey.    Uelter 
and  Avirtant  Aaaayer  U.  S.  Anay  Office,  Charlotte,  N.  C.    AlsoConsaltingUin- 
JDg  Engineer  and  Chemist,  etc. 

HAKSOIf,  RiCHABD  COCHBAN,  C.  E.,  .  .  .      1894. 

74  W.  9l8t  Street.,  New  York  City. 
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Harding,  Geobge  Edwahd  (Asaociate),         .         .         .     1867. 
Architect,   Postal  Telegraph  Bldg.,   Sew  York  City,  and  New 
Brighton,  Staten  Island,  N.  Y. 
Fellow  American  Institnte  Architect  and  Member  American  Societ7  CiTtl 
Engineers. 

Harrinoton,  Thomas  Henry,  C.  E 1889. 

Columbia  University,  and  West  Chester,  West  Cheater  County, 
N.  Y. 
Jnly,  1669,  to  Maroh,  1893,  Inflpeotor  Clerk  and  General  SaperintendeDt  on  U. 
a.  Works,  Flood  Rock,  Hell  Gate,  East  KWer,  N.  Y.  April  to  Korember,  1893,  in 
charge  of  Exhibit  oF  River  and  Harbor  ImproveroentB  from  New  York  Ci^  and 
Endaon  River,  at  World's  Colnmbian  Exposition,  Chicago.  1R04  tn  date,  Asst.  in 
Dept.  Mechanical  Engineering  School  of  Minea,  Columbia  University. 

Harris,  Edwin  A.,  Ph.  B. 1889. 

Chemist  and  Manager,  The  Mamilith  Co.,  and  The  Arhor-ol- 
Chemical  Co.,  Poplar  Bluff,  Mo. 
1889-90,  Chemist  of  the  Camden  Consolidated  Oil  Company.  1890  to  date, 
Chemist  Camden  Cons>lidated  Oil  Company  and  agent  tor  oil,  mineral  and  timber 
landi  in  West  Virginia  and  Ohio.  Chemist  tothe  Phoaphorns  Worksof  J.J. 
AUen's  Sons,  2  Cbeetnnt  St.,  Philadelphia,  1893-93.  April,  1893,  to  date,  Secre- 
tary and  Treasurer  Olobe  Sttam  Heating  Company. 

Harte,  CHAKLEfl  R.,  C.  E.,    .      ' 1893. 

14  Gordon  Street,  Jamaica  Plain,  Boston,  Mass. 
Haskell,  Harrt  Garner,  E.  M.,        ....     1893. 

Seoretary  Repauuo  Chemical  Co.,  and  Herculea  Powder  Co.,  Wil- 
mington, Del. 
Hathaway,  Nathaniel,  Ph.  B., 1879. 

Swain  Free  School  and  43  Elm  Street,  New  Bedford,  Mass. 
1879-^,  Booth  and  Edgar  Sugar  Refineiy.    1880-83,  Private  Aeristant  to  Di. 
E.  Waller,  New  York.     1883-81,  Teacher  of  Chemiatry  and  PhymOB,  Swain  Free 
School,  New  Bedford,  Mass.,  and  genenl  analytical  work. 

Hawlet,  John  Francis,  C.  E.  (Life  Member),  1891. 

Finca  "El  Tambor,"  San  Filipe,  Guatemala,  C.  America. 
Herbert,  Octave  Britton,  C.  E.,  .         .         .     1888. 

D.  B.  Britton  Co.,  40  West  Broadway,  and  72  West  69th  Street, 
New  York  City. 

Heinsheiheh,  Ai,fred  Maurice,  C.  E 1887. 

Kuhn,  Loeb  &  Co.,  27-29  Pine  Street,  and  17  West  Seventieth 
Street,  New  York  City. 

Hendricks,  Henst  Harmon,  Ph.  B.  (Life  Member),      .     1880. 
Hendricks  Bros.,  49  CliffStrvet,  New  York  (My. 
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Hebckenrath,  Walteb  AirausTca,  A.  M.,  C.  E.,  .  1892. 

Address  unknown. 
1802-93,  Erie  City  Iron  Works  and  with  Cit;  Engineer  on  psymenEa  and  sew- 
«is ;  Wilmington,   Vt.,  on  Tiailwaj  and  Qenersl  Engineering ;  Inspector  U.  S. 
Dredging  Operations,  Gowuins  Baj.     1893,  Temporarily  employed  in  tbe  Matiie- 
matical  Department,  Univeiait;  of  OtUwa. 

Hewlett,  Jameb  Mopjroe,  Ph.  Bb.,        .         .         .  1890. 

Lord  &  Hewlett,  Architects,  123  E.  Twenty-third  Street,  New 
York  City,  and  77  Columbia  Heights,  Brooklyn,  N.  Y. 
1893,  With  HoKim,  Mead  and  White,  New  York  City.    1804,  Formed  partner- 
ship  with  A.  W.  Lord  as  arohiteots. 

HiLDKETTH,  Walteb  Edwards,  C.  E.,  E.  M.,         .         .     1877. 

52  Broadway,  and  165  West  S7th  Street,  New  York  City. 
Hill,  William,  C.  E., 1882. 

Agent  Collins  Company,  Box  196,  ColUnsville,  Conn. 
One  year  practical  experience  in  roanntaotare  of  ornoible  steel.  Two  years 
dianghtaman  and  Aa^stant  to  Master  Mechanic  of  oompony  manntaotnring  ornoible 
steel,  bar-iron,  edge  tools,  plows  and  wreniihes.  Engineer  in  charge  of  reoon- 
Htmotion  ol  a  dam  600  feet  long,  33  feet  high,  at  Otis,  Mass.  1886-1891,  Assist- 
ant' Rnperintendent  for  the  Collins  Company,  mannfsotnring  priuoipally  edge 
tools.  NoTember  1,  ISOI.  appointed  Agent  of  the  Collins  Company,  with  general 
i^igeot  plant  at  Coltinaville,  Conn.,  employing abont  650  men,  wbkh  position 
he  still  holds. 

Hdhian,  Bertband  Chase,  Ph.  B.,  A.  M.  (1892),        .     1890. 
8upt.  Nellie  Bly  Gold  Mining  and  Reduction  Co.,  and  Box  46, 
Boulder,  Colo. 
Sinoe  Jane,  1890,  Chemist  to  the  Iron  Clad  Mannlactoring  Company,  engaged 
in  the  manataotnre  of  sheet-iron  enamelled  ware. 

HoLBROOK,  Francis  NewbeSht,  C.  E.,  .  .  .  .  1876. 
42  Pine  Street,  New  York  City,  and  Box  395,  Tarrytown,  N.  Y. 
From  fall,  1876,  to  spring,  1860,  Af^stant  Assay  Laboratory  8oho(d  of  Mines. 
Springandsnmnieron  Geological  Survey,  West  Texas.  Hi  en  to  1884,  spring.  Su- 
perintendent Corralitoe,  Co.,  Chihnahna,  Mexico.  1884-87,  expert  work,  office.  El 
Pmo,  Texas.  Summer  and  Fall,  1887,  Superintendent  of  United  Verde  Copper 
Company,  Arizona.  1888,  spring,  on  geologiml  work  for  the  Southern  Faoifio 
Company  in  West  Texas.  Snmmec  and  Fall,  running  gold  mine  aed  Mill  for 
self  in  Arizona.  1889-90,  Manager  for  U.  S.  Cirenit  Court  in  suit  between  the 
Con.  Eanaas  City  Smelting  and  Refining  Company  and  the  Gnadalnpe  Company, 
in  Nuevo  Leon,  Mexico.  1890  to  Fehruaiy,  1891,  employed  by  the  Compafiia 
M^talnrgica  Mexicans.  March  and  April,  1891,  obaixe  of  Copper  Smelter,  Tuc- 
son, Arizona.  Expert  work  until  1892,  when  returned  to  Comp.  Metal,  Mexico. 
Still  emplt^ed  by  the  Compaflia  Metalnigica  Mexicana  and  the  Mexican  North- 
ern Bailwa;  Co. 

HoLDEN,  Edwin  C,  E.  M., 1896. 

17  West  132d  Street,  New  York  City. 
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HoLDEN,  Edwabd  Henrt,  C.  E., 1878. 

1074  Boston  Avenue,  New  York  City. 
HoLLEBiiH,  Herman,  E.  M.,  Ph.  D.  (1890),  .        .        .    1879. 

Electrician  and  Expert,  1054  Thirty-flrBt  St.,  Washington,  D.  C. 
HoLLiCK,  Akthue,  Ph.  B., 1879. 

Geol.  Dept.  Columbia  College,  New  YorkCity,  andNew  Brighton, 
N.  Y. 
Snperintendent  Mexican  Mine,  Mariposa,  Cal.,  1880.  New  York  City  Healtli 
Department  Inspector  trom  1881-90.  Ban itary  Engineer  from  1BIK)-91.  Special 
Inspector,  1892.  Special  Expert  and  Inspector  ot  OSensive  Trades,  New  York 
Btate  Board  of  Health,  both  in  oonsnitation  and  field  work,  from  1883  to  date. 
Bcnid  ot  Health,  Vill^e  of  New  Brighton;  IS86-92,  a  member  of  the  Beard. 
Board  ot  Health,  Long  Island  City,  Sanitary  Adviser,  J8&0.  In  general  practicf 
as  a  sanitarian  from  1883  to  date.  U.  S.  Geological  Snrrey — engaged  in  collect- 
ing specimens  in  tbe  Territories,  in  1883.  Appointed  Fellow  in  Geology.  Colnm- 
bia  College,  Jannary,  1890;  reappointed,  1891;  Assist,  1892.  1893,  Tator  in 
Geology,  Recording  Seo'y.  Torrey  Botanical  Clnb,  N.  Y.,  1883-88.  Secretuy 
Natnial  Science  Association  of  Staten  Island,  1881  to  date.  Associate  Editor 
SuUtiiit,  Torrey  Botanical  Clnb,  1888  to  date  Librarian  New  York  Academy  ot 
Sciences,  1894  to  date. 

HoLLis,  Henbt  Leonard,  E.  M.,  .  .  .  .  .  1885. 
525  The  Rookery,  Chicago,  Ills. 
1885,  Ajnistant  Chemist  Edgar  Thompson  Steel  Works.  1885-87,  Aseietuit 
Chemist,  North  Chicago  Soiling  Mill  Company.  1887-90,  Chief  Cfaraiist,  North 
Chicago  Rolling  Hill  Company,  whiob,  in  1889,  became,  by  consolidatioD,  part  itf 
tlie  Illinois  Steel  Company.  1890,  member  of  flrm  erf  Eattle,  Nye  &  Hollii, 
Analytical  Chemists  and  Mining  Engineen.  1893,  Memtierot  firm  of  H.  !•.  Holli« 
&  Co.,  AnalytioBl  Chemists  and  Mining  Engineers.  Vice-President  Potter  & 
Hollis  Fonndiy  Co.,  and  Vice-President  Potter  &  Hollis  Engineering  Company. 

HoLLis,  William,  C.  E 1887. 

Box  180,  Eagle  Pass,  Texas.     Agent  for  Alamo  and  Coahuila  Coal 
Companies. 

Holt,  Marhaduke  Bvrbell,  E.  M.,      .  .  1889. 

Silverton,  Colo.,  and  287  Lexington  Avenue,  New  York  City. 
1869-90,  Student  in  oonrse  ot  Electrical  Engineering,  Bdboul  of  Mines.  1890-91, 
with  Aspen  Mining  and  Smelting  Company,  nerving  as  Mining  and  Electrical  Ed- 
gineer.  1891  to  tall  o(  1893,  Agent  and  Electrical  Engineer  with  tbe  "C.aad 
C."  Electric  Motor  Co.,  N.  Y.  City  and  Denver.  1892-93,  AsMyer  Colomlo 
Smelling  Co.,  Fneblo,  Colo. 

Hooker,  William  Adgustus,  A.  B.,  A.  M.,  E.  M.,         .    1869. 

Hooker  &  Lawrence,  145  Broadway,  New  York  City. 
Hooper,  Frank  Cteus,  Met.  Eng.,       ....     1890. 

North  River  Garnet  Co.,  Ticonderoga,  N.  Y. 
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1890-91,  AanatADt  Engineer  De  Lemar  Mining  Ca,  Limited.  1S92-93,  Amti' 
icftn  Gt»phit«  Co.,  Spring,  1893,  Inveetigation  and  report  on  Sinl  Hemp  ludnatry 
in  Tbe  BshAmaB  for  Ilie  Jnngiw  Fibre  Co.  Sommw  and  Fall,  EreotioD  of  Con- 
oenbRting  Plant  in  Adirondaoks.     Snp'L  North  Bivei  Garnet  Co.,  from  1893  to 

dat«. 

HopKE,  Theodore  M.,  Ph.  B., 1880. 

Supt.  O.  H.  Dept.  ApoUo  IAS.  Co.,  Apollo,  Pa. 
Angtiat,  1680,  November,  1681,  Analytical  Cbemist  vith  Ledonx  &  Co.,  New 
York.  November,  1861,  to  November,  1885,  Member  of  tbe  firm  of  ElUott, 
Hopke  &  MattiflOD,  Analjtic&I  and  Conenlting  Chemists  and  Am^ets,  Jolj, 
1S86,  to  November,  18S9,  Chemist  for  London  Steel  Co.,  ai  Pittsburgh,  Pa.,  also 
bad  charge  of  Pbjedcal  testing  department.  November,  1S89-18M,  Manager 
Open-Hortb  department  of  above  C<»upany,  having  fnll  charge  of  manutaotnre  ot 
all  grades  (rf  steel  made  b;  tbe  company,  also  building  of  open-beartb  tnmaoee. 
1894,  Seoretary  and  Assistant  to  General  Manager,  HoKeesport  Supply  CompRny. 
Snpt  O.  H.  Dep't.,  Apollo  Iron  and  Steel  Co.,  Apollo,  Pa. 

HOBNE,  WlLUAM  DoDGE,  Ph.  R, 1886. 

Yonkers,  N.  Y. 
Jnue,  1686,  to  December,  1887,  Cbemlat  to  Fnlton  Sogai  Refinery,  Brooklyn, 
K,  T.  Oetober,  1687,  to  December,  1887,  Aseiatent  Instraotor  in  Chemistry,  SdHwl 
irf  Mines,  Colombia  University.  December,  1867,  to  Jnne,  1686,  Chemist  to 
St.  Lonis  Sugar  KeBneiy,  St.  Lonis,  Mo.  October,  1889,  to  Ootober,  1869,  Chem- 
ist to  Standard  Sugar  Refinery,  Boston,  Mass.  November,  1869,  to  present  time. 
General  Analytical  and  Consnlting  Chemist.  January,  1890,  to  January,  1893, 
ConsaltiDg  Cbemist  to  Delaware  Sugar  Home,  Philadelphia.  Jannaiy  to  Jnne, 
1891,  Instmotor  in  Analytical  Chemistry  in  Rntgem  Collie,  New  Bmnsnick, 
N.  J.  Hay,  1693,  to  preaent  time.  Consulting  Chemist  to  National  Snf^  Refin- 
ing Co.,  Yonkers,  N.  Y.  Labontoiy  and  ofGoe  in  New  Brunswick  from  Novem- 
ber, 1889,  to  September,  1893.  From  September,  1893,  to  present  time  in 
Yonkets,  New  York.  In  June,  1894,  received  from  Colombia  College  tbe  degree 
of  Pb.D.  in  tbe  Department  ot  ChemiBtry  and  ot  Heobanical  Engineering. 

Howe,  Epenetus,  E.  M.  (Life  Member),         .         .         .     1886. 

Box  68,  Monterey,  Mexico,  and  North  Salem,  Westchester  County, 

N.  Y. 

A  nay  er  and  Chemist  with  tbe  El  Pbbo  Smelting  Co.,  and  the  Argentine  Works. 

Kansas,  1687-1689,  and  with  Luda  Constanoia  I^meralda  Sierra  Hojada  Coahnila, 

Mexico,  1889.     Asayer,  Chemist  and   then   Saperintendent  1889-1895.     May, 

1895  to  date,  engaged  in  irrigatiou  mining  and  other  engineering  work  lor  self 

on  oontraot. 

Humbert,  William  Scott,  E.  M.,  ....  1883. 
Niagara  Falls,  N.  Y. 
1683-85,  Surveys  and  location  of  Tunnel  tor  New  Croton  Aqnednct.  1885-87, 
Conateuotion  work  New  Croton  Aquednot  and  extensive  Topographical  Survey  of 
the  Croton  Valley.  1887-88,  in  charge  of  construction  as  Assistant  Engineer  at 
abafia  No.  21,  No.  S2and  No.  33  New  Croton  Aqueduct  (night  shift).  1888-91 
AaaiBtaDt  Engineer  in  charge  of  the  construction  ot  two  large  dams  and  tunnels 
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oonDeoting  the  two  basins  of  Doable  Seservolr  "I,"  toonted  two  roilw  cMt  ol 
Brewater,  N.  Y.,  on  the  east  branob  (rf  flie  Croton  Biver.  1891,  Spedal  Aaristut 
Engineer  Cataruot  Coiutrnctioii  Componr. 

HuMT,  Feedbeick  Fdkhbadx,  E.  M.,  C.  E.,   .         .         .    18T6. 

77  Pine  Street,  New  York  aty,  and  New  Brighton,  8. 1. 
Huntington,  Feedeeick  Wolcott,  E.  M.,    .        .        .    1885. 

Address  unknown. 
HuNTOON,  L.  D.,  E.  M.,  Ph.  G., 1895. 

95  Bridge  Street,  Patterson,  N.  J. 
Angnat  to  November,  1896,  ABUstuit  Chemist  Phila.  Smelting  and  Refining 
Co.,  Pueblo,  Colo.    Deoembet  1895  to  date,  AMByer  American  Rednotion  Co., 
(Cjwilde  Mill),  FlocenM,  Colo.    F«U  of  1896  with  Pl^etts  &  Banks,  New  Toik 
City,  making  Metallnigioal  teats. 

Hdklbut,  Eusha  Dknison,  Jr.,  C.  E.,  .  .     1890. 

lOe  Hicks  street,  Brooklyn,  N.  Y. 
1890-91,  at  Columbia  Univerait;  Law  Sobool.  1891-93,  Asaiatant  in  Mechanial 
Engineering,  Sohool  at  Minea. 

Hutton,  Fbedebick  Rehbbit,  a.  B.,  A,  M.,  E.  M.,  C  E.,  . 

Ph.  D.  (Life  Member), 1876. 

Columbia,  and  296  Lexington  Avenue,  New  York  City. 
1BT6-7T,  Aitistant  in  Engineering,  Sohool  of  Mines.    1677-82,  InBtmotw  in 
Mechanical  Enfrineering.     1882-91,  Adjnnot  ProfesKV  Mechanical  Eogineering. 
1891,  PiofetwK  Heohanical  Engineering. 

Htde,  Feedebick  S.,  Ph.  B., 1898. 

Brooklyn  Dept.  of  Health,  and  315  Schennerhorn  Street,  Brook- 
lyn, N.  Y. 
1893-94,  Inveatigatians  in  Glan  for  L.  C.  TiOany,  New  York  City.     A»i«tant 
Chemist,  Brooklyn  Department  of  Health,  May,  1894,  to  date. 

Htde,  Henbt  St.  John,  Ph.  B.,  ....     1896. 

210  East  18th  Street,  New  York  City. 


Ihlseng,  Axel  Olap,  B.  S.,  E.  M.,  C.  E.  .  .  .  1877. 
Carthage,  Mo. 
1877-82,  Chief  Chemist,  Havemeyer  Sngar  BeSaing  Co.,  Brooklyn,  E.  D.  1883- 
90,  U.  8.  Dep,  Mining  Snrveyor,  District  of  Colorado.  1882-83,  Cheratet  and 
Asaayer,  La  Plata  Smelter,  Leodville,  Colo.  1883,  MetalloTgist,  Martha  Riee 
Smelter,  Silverton,  Colo.  1384,  Amayer,  Stoiber  Sampling  Works,  SilTertoo, 
Colo.  1885,  Duyokinck,  Bohnyler  &  Ihlseng,  Ore  Samplers,  Silverton,  Colo. 
1880-90,  Manager  of  Mt.  Qaeen  Mining  Co.,  Reliance  Mining  Co.,  Brown  Mining 
Co.,  and  the  Hale  Mines,  Silverton,  Colo.  1890-92,  Operating  Zinoite  Mine 
and  others  near  Webb  City,  Nevada,  and  in  constmeting  oonoentmting  plante. 
Manager  Pleoaant  Valley  Mines,  Carthage,  Mo. 
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Iles,  Malvehk  Weli^,  Ph.  B.,  Ph.  D.  (Life  Member),  .  1876. 
SuperiDtendeot  Globe  Smelting  Co.,  Denver,  Colo. 
1876-76,  AKJBtMit  to  Dr.  Waller  in  the  QnalltAtive  Labotstorj,  Sohool  et  Mines. 
1676-76,  Chemical  Fellow,  Johns  Hophins  Univeraity.  1878-79,  Aasayer  and 
Chemist,  in  Colontdo.  1879-60,  Aeeayerst  the  Smelting  Woiks  <rf  J.  B.  Giant, 
Leadville,  Colo.  1880-83,  Chemist  U  the  Grand  Smelting  Co.,  Leadville,  Colo. 
1683-66,  Metallurgist,  The  Omaha  A  Grant,  S.  and  R.  Co.,  Denver,  Colo.  1886- 
87,  Metallurgist,  The  Holden  Smelting  Co,  afterwords  changed  to  the  Globe  S.  A 
B.  Co.  1867-95,  in  present  position.  Dr.  lies  baa  oontribnted  srtioles  upon  As- 
flSTing,  varione  new  Cheminl  methods,  Uineralt^y  and  Metallarg;  in  various 
pablloations. 

Ingebsoll,  William  Halset,  A.  B.,  A.  M.,  LL.  B.,  E. 

M.  (Life  Member),         .         .         .         .         .         .     1870. 

Northport,  Suffolk  Couaty,  N.  Y. 
1875-78,  Assistant  in  Engineering,  Colombia  Univendty.     1878-81,  Assistant 
in  Meobanics  and  Astronomy.     1881-87,  MannCaoturing  tinware,  Portland,  Conn. 
1887,  to  date,  retired  on  aooonnt  of  ill  health. 

Ingram,  Edward  Lovertng,  C.  E.,  .        .         .     1885. 

403  D.  S.  Morgan  Building,  and  378  Pearl  St.,  Buffalo,  N.  Y. 
1885-^,  U.  S.  Inspector  of  River  and  Harbor  Improvements,  Delaware.  ISB?" 
89,  U.  S.  Surveyor  and  Inspector,  Rivet  and  Harbor  Improvements,  New  Yoric 
and  New  Jersey.  1890-91,  U.  S.  Aasislant  Engineer,  River  and  Harbor  Imprare- 
menta,  Florida.  1891-94,  Principal  Assistant  Engineer,  International  Bonndaiy 
Survey,  United  States  and  Mexico.     1895  to  date,  Consolting  Engineer. 


Jackson,  Oswald,  C.  E., 1892. 

550  Part  Ave.,  New  York  City. 
1892-93,  Offices  of  Engineering M.  W.,  U.  R.  R's.  of  N.  J.  Div.,  P.  R.  R.  J893,' 
Engineer  on  Corps  of  Principal  A^stant  Engineer,  U.  R.  R's.  ot  N.  J.   Dtv.,   P. 
R.  R.     189S,  Assistant  Engineer,  the  New  York  Steam  Company.  1896,  Engineer 
Inspector  Dept.  of  Public  Works,  New  York  City. 

Jacobs,  David  Mark,  Ph.  B., 1887. 

R.  J.  Jacobs,  41  New  Street,  and  30  W,  Thirty-eighth  Street,  New 
York  City. 
Jacobs,  Solomon  Joseph,  Ph.  B.,         -         .         .         .     1887. 
B.  J.  Jacobs,  41  New  Street,  and  SO  W.  Thirty-eighth  Street,  New 
York  City. 

Janewat,  John  Howell,  E.  M., 1886. 

John  A.  Boebling'9  Sons  Co.,  and  124  West  State  Street,  Trenton, 
N.J. 
1866,  TJndergronnd  and  Sorfoce  Surveyor  for  Cooper,  Hewitt  &  Co.     1887-91, 
DrangbtsmaD  and  Designer  and  Constmoting  Engineer  of  Wire  Rope  Tiamways 
in  Montana,  Oregon,  Alaska  and  California  for  the  Trenton  Iron  Company,  Tren- 
ton, N.  J. 
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Jenks,  Arthub  Wilton,  E.  M., 1 

Superin  tea  dent  Eatablecimlento  Mineral,  Caaapalca,  Peru,  6. 
Summer  IB8G,  Ne»  Jene;  on  Geological  Woik.  1886-47,  in  Cerro  de  Pmco, 
Pern,  B.  A.  Asn;er  and  Chemist  to  the  oommiwon  examining  that  silver  min- 
ing district.  Spring,  1887,  in  New  York,  Chemist  with  Ledoni  &  Co.  IBT' 
In  Anroia,  111.,  Aaaiatant  at  the  works  ot  the  Chicaga  and  Anron  Smelting  and 
B«flning  Company.  Summer  and  Fall,  1B88,  In  Dntoh  Oniana,  S.  A.,  Amyer 
and  Aa^Btant  in  the  examination  ot  gold  depoaits.  Fall  1888  to  1893,  in  Aaroca, 
Dl,,  AMiBt&nt  Superintendent  at  the  Anrora  Works  ot  the  Chioago  and  Anroia 
&neltiug  and  Beflnii^  Co.  1683,  8nperint«ndent  Kootenay  Redndion  Co.  ISfM, 
Snpointendent  Balbaoh  Smelting  and  Refining  Co.,  Newark,  N.  J. 

Jeup,  Bebnabd  John  Tueodobe,  C.  E.,        .         .         .     188T. 

Aasistaat  City  Engineer,  119  Walcott  Street,  Indianapolis,  lad. 
JoBBiNS,  F.  H.,  Ph.,  B., 1896. 

Jobbins  &  Van  Kuymleke,  Analytical  Ezpert«  and  Hfg.  Chemists, 
Aurora,  III. 
JoHNBON,  Abthur  Gale,  E.  M 1885. 

Jensen,  Utah. 
JOHNBON,  EUAS  Mathson,  Ph.  B.,  .         .         .1878. 

Isaac  Q.  Johnson  &  Co.,  Spuyten  Duyvil,  N.  Y. 
JoHNBON,  Gilbert  Henrt,  Ph.  R,         .         .         .         .     1878. 

Isaac  O.  Johnson  &  Co.,  Spuyten  Duyvil,  N.  Y. 
JoBHflas,  Isaac  Bbadlet,  E.  M., 18T9. 

Isaac  O.  Johnson  &  Co.,  Spuyten  Duyvil,  N.  Y. 

Johnstone,  Wm.  B..  C.  E., 1895. 

47  Central  Avenue,  New  Brighton,  S.  I.,  New  York. 

Jones,  John  Elheb,  E.  M., 1898. 

Aoet.  Bupt.  Mill  Creek  Coal  Co. ,  New  Boston,  Pa.  ,and  Haileton,  Pa. 

JONEB,  WiLUAM  Denison,  Ph.  B 1888. 

Hecker,  Jones,  Jewell  Milling  Co.,  206  Produce  Exchange,  New 
York  City,  and  62  Clark  Street,  Brooklyn,  N.  Y. 
Jopling,  Reginald  Furnebs,  E.  M.,       ....     1889. 
Jopling  &  Escobar,  Engrs.,  Room   608   Cuyahoga  BIdg.,  Cleve- 
land, O. 
NoTember,  1869,  to  Febmaiy  1890,  Chemist,  Otis  Steel  Co.,  Ltd.     Febrnary, 
1690-92,  Aflsiatant  Manager  American  Wire  Co-    Vioo-Prcudent  <rf  same,  Janu- 
ary, 1693. 

JODET,  Cavalier  Hargrave,  Ph.  B,,  Ph.  D.,         .         .     1882. 

Gaggenheim  Smelting  Co.,  Maurer,  N.  J.,  and  Roselle,  N.  J. 

Analytical  Chemist  with  Ledoas  &  Rioketts,  1S83-61.     Analytioal  Chemiat 

with  G.  H.  Niohob  &  Co.,  Aoid  Manotaotarera  at  Lanrel  Hill,  L.  I.,  trom  1B8&- 

88.    Work  comprising  analyses  ot  their  various  prodoote  and  a  partial  enperri- 
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■ion  of  tiieir  nuuralMtKn.  AiutlTtiatl  Cbamlst  from  1S88  to  pment  time  witb 
RidkettB  &.  Banks.  Aiial7«t  with  Qnggenh^m  Smelting  Co.,  froni  Mfttoh,  1696, 
to  lacMDl  time. 


Kabtweb,  J.  C  Ph.  B., 1894. 

744  Broadway  N.  Y.  City,  aod  OyaUr  Bay,  L.  I.,  N.  Y. 
Kellt,  WiiiiAM,  A.  B.,  E.  M., 1877. 

Tulcan,  Dickinson  Co.,  Mich. 
1876,  '79,  '80,  Aaeiatant  SnperiateDdent,  Cbemloal  Copper  Co.,  Phtenixville, 
Pa.  1B78,  Chemist,  Nimrod  FuniaceCo.,  YoaDgstonn,  Ohio.  1881-81,  Enper- 
intendent,  Eemble  Cool  and  Iron  Co.,  Riddleabarg,  Pa.;  1885,  Saperin'endent, 
GIaniOT|(»n  Iron  Co.,  Lewistown,  V^.;  1866-89,  SnperiDUndent,  Eemble  Iron 
Co.,  Kiddleabiiig,  Pa. :  In  oliaTge  of  BlABt-fnmaoee,  Coal  Mines,  Coke  Ovens,  Ore 
Hinea,  Qoairiea,  Railioada,  etc.  1880  to  dale,  Geneial  Superintendent  and  GeU' 
erai  Manager  Penn  Iron  Mining  Co.,  Vnlcan,  Mioh.;  in  charge  of  Iron  Ore  Mines 
on  the  Menominee  Bange,  Lake  Superior.  Also,  1885-89,  President  Board  of 
ExamineiB  of  Bitanunons  Mine  Inspectors  of  Fenn^lvania. 

Kemp,  James  Fubhan,  A.  B.,  E.  M.,      .        .  .     1884. 

Prof.  Geology,  Columbia  TJnivetsity,  School  of  Mines,  and  211  W. 
189th  St.,  New  York  Qty. 
Ssveial  months  with  the  Band  Drill  Co.,  1883-1884.  Prirate  Assistant  to 
Prof.  J.  a  NewlMny,  1834-85.  Student  <rf  Geology  and  Mineralogy  at  the  Uni- 
versities at  Leipzig  and  Utiniob,  Germany,  1885-86.  Instrnotor  in  Geology  at 
Cornell,  1880-88.  Aetistant  Professor  of  Geology  and  Mineralogy,  1888-91,  and 
Secretary  of  the  Faoulty,  1886-89.  Have  traveled  mnoh  in  the  West,  and  for  Qve 
snmmers  past  have  been  working  on  the  Gecdogy  of  the  Adirondacka,  obieOy  as 
Assistant  to  the  Btate  Geologist,  Prof.  Jw.  Hall.  Am  eepaoially  engaged  on  Inor- 
ganic and  Economic  Geology.  1891,  Adjunct  Professor  of  Geology,  School  of 
Mines,  Cotambia  UniveiBitj.  Professor,  1892.  Secretary  N.  Y.  Acad,  of  Science 
Binoe  1893.  Editor  School  of  Mines  Quarterly,  1895-97.  Manager  Am.  Inst. 
Mining  Engra,  1896-99.  At  work  on  Geology  of  Eastern  Adirondaoke  for  U.  S. 
Geol.  Survey,  Aug.  to  Sept.,  1896. 

KiNSET,  Frank  Wilmabth,  C.  E.,         .        .         .        .     1891. 

50  Broadway,  New  York  City,  and  10  South  Street,  Newark,  N.  J. 

Assistant  to  Engineers*  Bapid  Transit  Commission,  1891-93.     Engineer  of  Con- 

stmotion  East  Providence  Water  Works,  1692.     Deeiening  Engineer  with  R.  M. 

Gray,  1892-93.     1B93,  Manager  tor  R.  W.  Hildredth  &  Co. 

KmBT,  G.  T.,  E.  E. 1895. 

Bchool  of  Iaw,  Columbia  University,  and  158  W.  45th  Street, 
New  York  City- 

KisgAM,  Henet  Shtdeh,  Ph.  B., 1886. 

Architect  Psi,  Upsilon  Club,  64  West  39tb  St.,  New  York  City. 
1888-89,  Manager  of  Office  of  Picklee  &  Sntton,  Aichiteds,  Tsooma,  Washing- 
ton.   1889-90,  Piaotloing  ArcAlteoture  with  P.  W.  Morris,  undra  firm  name  of 
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EiHMn  ft  Uonia,  Tmooaut,  WMbington.  1800-02,  Pnotielng  Atahlteotnre  fthNM 
nnder  name  of  Eeurj  Snyder  EiBBOin,  Taooma,  Waablugtoit.  1892,  Fraatiring 
ATobitectnre  with  Jdo.  G.  Prootor,  nnder  finnoBTue  of  Proctor  ftEinam,  TtmaniA, 
WaHhington.  Daring  1803-94,  in  New  York  City,  ae  ttiia«iit  of  CoDBtmetiOD, 
with  J.  C.  Cady  &  Co.  )l)95.-96,  8aperint«lid«nt  of  Constrootion,  Fariah  & 
Scdmdder,  Arohiteds,  New  TorkCit^. 

Klepetko,  Frank,  E.  M., 1880. 

Manager  of  Bmeltiog  Plants  of  Boston  and  Montana,  Consolidated 

Copper  and  Silver  Mining  Co.  at  Great  Falls. 

Superintendent  Smelting  Department,  Tamarack,  Oaoeola  Copper  MaDnIaetu- 

ing  Company.  Collar  Bay,  Hioh.     At  present  Soperintendcnt  of  Conatmotion  of 

the  Great  Palis  Smelter,  for  the  Beaton  and  Hontana  Coasolidated  Copper  and 

Silvet  Mining  Company.    Addiess,  Great  Falls,  Montana. 

Koch,  Edwahd  Cabot,  E.  M., 1879. 

120  E.  9lBt  street,  New  York  City. 
teatt-ffJ,  Atnyer  and  Chemist  at  Smelteia,  Lcadvllle,  Colo.  18S3-88,  SnrreyOT 
and  AHfstant  Snperintendeut,  L.  A.  G.  Mfg.  Co.,  Colo.  1889-93,  ABmstantGeii' 
eral  Manager  E.  G.  Co.,  Ltd.,  and  V.  Q.  Co.,  Ltd.,  Booky  Bar,  Idaho.  1893  to 
IS96,  Bxsmining  mining  properties.  1805-96,  Manager  Elm<M«  Mine,  Boi^ 
Bar,  Idaho. 

KoEN,  Joseph  John,  C.  E 1888. 

Board  of  Health,  801  Mott  Street,  New  York  City,  and  PearsalU, 
N.  Y. 
1880-90,  Computer  on  New  Crol«n  Aqnednot.    1890-91 ,  to  dat«,  Sanitary  En- 
gineer on  New  York  City  Board  of  Health. 

KuNHAEDT,  Wheaton  Beadish,  E.  M.  (Life  Member),  .     1880. 

(.'arpenter  Steel  Co.,  1  Broadway,  New  York  City,  and  New 

Brighton,  N.  Y. 

1680-83,  Travel  and  Study  in  the  Wot  and  in  Europe.    1883-88,  Engineer  tor 

the  Bower-BarS  Rastleas  Iron  Co.,  and  AniBtant  of  Geo.  W.  Maynatd  in  oonsnlt- 

ing  work  on  Iron-mines  and  Ore-drening.     1888-89,  First  Assistant  Engineer  of 

the  Boston  Heatiag  Co.    1890-01,  Diamond  Drill  Exploration  of  Coal  Deposits  in 

Bhode  Island.    Report  on  Direct  Steel  ProotsHS  and  on  Magnetic  Separations  foe 

Iron-ores.     Acting  Secretary  of  the  American  Institnte  of  Mining  Engineers  tot 

four  months.     1893,  President  of  the  Osoeola  Flaoer  Mining  Company.     1894, 

with  Carpenter  Steel  Co.,  1  Broadway,  New  York  City.    1805,  Vioe-Freaident 

Carpenter  Steel  Co. 

KuBTz,  Edward  Laurence,  E.  M.,        ....     1893. 
17  Pittsburgb  Street,  New  Castle,  Pa. 

L. 
Lacohbe,  Charles  Fbederich,  E.  M.,  ....     1885. 
The  Mountain  Electric  Co.,  P.  O.  Bos  1645,  and  53S-5S6  Seven- 
teenth Street,  and  1811  Grant  Avenue,  Denver,  Colo.    Also, 
University  Club,  New  York  City. 
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1886-86,  AsMyer  and  Snrr^or  and  PoremaD  at  Lack;  Buj  and  South  Oaleoa 
Mines,  in  Bingham,  Utah.  1886-88,  AniataDt  Initraotor  in  AMaying,  and  Fellow 
in  Chemurtr;,  School  of  Mint»,  Colnmbia  Universitj,  N.  Y.  1888-90,  Examining 
Gold  and  Silver  Mines  in  Colorado,  Utah,  Montana,  Arizona  and  Old  Mexico, 

1890,  Testing  Blectdcal  Apporatae  in  Virginia  City,  Nevada.  1890,  Uanager  of 
tha  Gilpin  Co.  Light,  Heat  and  Power  Co.,  Central  City,  Colo.  1890  to  dat», 
President  and  Manager  The  Monntain  Eleotrio  Co.  Specnalty,  Installing  Eleotric 
Ligbt  and  Power  Stations,  and  adapting  eleotrio  light  and  power  for  raining  por- 

Lahet,  Joseph,  E.  M., 1887. 

162  E.  Seth  St.,  New  York  City. 
Lahet,  Richard,  E.  M., 1887. 

Millard  &  Lahey,  1429  Chestnut  Street,  Fhita.,  Fa. 
TiAMB,  Andrew  Johnson,  E.  M., 1884. 

L.  &  N.  R.  R.  Co.,  Gallatin,  Tenn. 
Jane,  1884,  to  June,  1887,  New  York  Crotou  Aqnednot,  DranKhtaman.     June, 
1888,  to  Sept,  1890,  AsBtetant  Engineer,  L.  &  N.  Bailroad.    Sept.  1690,  to  June, 

1891,  Anatant  Roadmaster,  Knox  Div.,  L.  &  N.  Kailroad.  Jons,  1871,  to  date, 
Assistant  Engineer  L.  &  N.  R.  R.  1896,  RoadmaBter  L,  &  N.  R.  R.,  Gallatin, 
Tenn. 

LANOHniB,  Abthur  C, 1893. 

Care  Messrs.  Bicfcetta  &  Banks,  Waverly,  N.  j. 
Langthobn,  Jacob  S.  (Aseociate;,        ....     1891. 

Aaet.  in  Charge  of  Docks  and  Bridges,  Dept.  City  Worka,  and  94 
Clinton  Street,  Brooklyn,  N.  Y. 
Lawrence,  Benjamin  Bowden,  E.  M.,  ....     1878. 

Hooker  &  Lawrence,  810  Boston  Avenue,  Denver,  Colo. 
1878-64,  Snperintendent,  Montezuma  S.  M.  Co.,  and  of  other  mines  of  Snmmit 
Co.,  Colo.  1884-91,  Lessee  and  Operator  of  Ma;Bower  and  Pelican-Dives  Mines, 
Clnr  Creek  Co.,  Goto.  In  1886,  Formed  partnership  with  W.  A.  Hooker,  E.  M., 
Clav  of  1869,  with  offloe  at  145  Broadway,  as  Consalting  Mining  Engineetii.  I 
make  a  specialty  of  operating  under  lease  or  otherwise,  trne  fissnre  Gold  and 
Silver  Mines,  also  Concentration  of  Gold-silver  ores.  1893-94,  Georgetown, 
Colo.,  at  the  Pelican-Dives  Mines.    1895,  Manager  the  Perigo  Gold  Mines,  Colo. 

Leaht,  Daniel  James,  C.  E.,  E.  M.,  ....  1881. 
43  East  Twenty-flfth  Street,  New  York  City. 
1883  to  date,  Constmoting  Highway  and  Railroad  Bridges,  Wharves,  Docks, 
Dredging  and  Harbor  Improvementa  geneially,  in  vicinity  of  New  York  Ci^,  as 
Dengning  and  Sapervising  Engineer,  as  well  as  Contractor  in  most  instanoea.  In 
general,  make  a  spedalty  of  both  Engineering  and  Constmoting  work,  or  Engi- 
neering work  alone,  in  this  branch  of  the  profession. 

Leaby,  George,  C.  E., 1891. 

48  East  Twenty-firth  Street,  New  York  City. 
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Leavens,  Habrt  Wenhan,  E,  M.,        ....    1875. 

Broken  Hill  Refinery,  Port  Tirie,  South  Australia. 
LeBoITTULIER,  CLEUEItT,  Ph.  B. 1881. 

H)^  Bridge,  N.  J. 
1S84--7,  AnUtaul  Chemist,  CambiiA  Iron  Co.  1887-99,  Chemiit,  Eliza  Fnniace, 
Muoh,  '02,  to  date,  Chemist,  Taylor  Iron  and  Btml  Company. 

Lederle,  Ernst  Joseph,  Ph.  B., 1886. 

Chief  Chemist,   New  York  City  Health  Uept.,  Criminal  Court 

Bldg. ,  Centre  and  Franklin  8U.,  and  471  W.  143d  St.,  New  York 

City. 

1986-87,  Hon.  Fell oir  Quant.  Anal,  and  Assist  Intr.  Oen.  Chemistry,  BdMwl 

of  Minea.     1867-68,   Chemirt,  Cranmoor  Farm,  Tom's  Giver,   N.  J.     1888-69, 

Aast.  Chemiat,  New  York  Ci^  Health  Dept.     1890-91,  Chemist  and  Biipt.,  Seed 

&  Camriok,  New  York.    1891  to  Uamb,  1896,  Aast.  CbemiBt,  New  York  Ci^ 

Health  Dept.    March,  1696,  to  date,  Chiet  Chemist,  also  CoosDlting  Chemist  to 

Hfalth  Officer,  Port  of  New  York. 

Ledoux,  Albert  Reid,  M.  S.,  Ph.  D.  (Associate),  .         .     1874. 
LedouxACo.,  9  Cliff  St.,  and  39  W.  50th  St.,  New  York  City. 

Lee,  George  Barstow,  E.  M., 1885. 

Supt.  Arkansas  Valley  Smelting  Co.,  Leadville,  Colo. 
188S,  Acaayer,  BattA,  Montana.  1886-87,  AsBayei,  Kansas  Cit;  Smelting  and 
ReBnlngCo.,  Argentine,  Kan.  1887-00,  Assistant  Bnperintendent,  Rio  Giande 
Smelting  Co.,  Socorro,  New  Mexico.  1890-93,  Snperintendent,  Bio  Grande 
SmeltingCo.,  Soeorro,  New  Hexioo.  1804,  Snperintendent,  Guggenheim  Smelt- 
ing Co.  1896,  Snpt.  San  Felipe  Smelting  Co.,  Mexico.  1897,  Snpt.  Arkanas 
Valley  Smelting  Co.,  LeadTille,  Colo. 

Leggett,  Thomas  Haioht,  E.  M.,  ....  1879. 
P.  O.  Box  485,  Johannesburg,  S.  A.  Rep. 
1880,  ABsistant  Engineer,  New  York  River  and  Harbor  Snrveya.  1B8I-S3, 
Snperintendent  of  Mining  Properties  in  the  BatopilaB  Distriot,  Chihnahna,  Mexico. 
1884,  Tiavelltng  in  the  West,  Uirough  the  principal  Mining  Camps,  Butte,  Laid- 
ville,  etc  1884-87,  Mining  Engineer  to  the  New  York  and  Eondnras  BMaiio 
Mining  Co.,  at  San  Joancito,  Hondoras.  1888,  Manager  of  Mndaill  Uining  Co., 
Fairplsj,  Colo.  ;  office,  23  Bncklershnry,  London,  E.  C.  1880-90,  Oenoal 
Manager,  Darien  Gold  Mining  Co.,  Ltd.,  ol  Cana,  Rep.  of  Colombia.  1891-93, 
President  and  Manager,  Standard  Consolidated  Mining  Co.  Cons.  Engr.  S.  Nen* 
mann  &  Co. ,  ot  London  and  Johaimeshnrg  since  July,  1606. 

Lenox.  Lionel  Behond,  Ph.  B 1888. 

Professor  of  Analytical   Chemistry,  Lelaod  Stanford,  Jr.,  Uni- 
versity, Palo  Alto,  California. 

Levy,  Albert  Lincoln,  E.  M., 1890. 

810  Ijexington  Avenue,  New  York  City. 
LiBAiRE,  Edward  Whxiah,  C.  E.,         .        .        .         .     1894. 

150  W.  Forty-ninth  Street,  New  York  City. 
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LiEBiCAinr,  Alfred,  C.  E., 1893. 

50  Broadway  and  38  E.  Seveaty-second  Street,  New  York  City, 
member  of  firm  of  B.  W.  Hildreth  &  Co. 

LiLLiEMDAHL,  Alfeed  WHIPPLE,  E.  M.  (Life  Member),  .     1883. 

Superintendent,  Maiapil  Copper  Co.  (Ltd.),  Concepcion  del  Oro, 

Estado  de  Zocatecas,  Mexico,  and  Lakewood,  K.  J. 

1883-86,  Asistaiit  Bnpt  Anroni  Smelting  and  Reflaiug  Co.,  Anion,  III.  1885- 

87,    AEnBtant   8npt.   Grande   Milling  and  Refining  Co.,   Guanajuato,  Hexioo. 

1888-97,  Superintendent  of  tbe  Maxapil  Copper  Co.,  Ltd.,  Concepcion  del  On>. 

Zacatecaa,  Meiioo.    Saperiutendent,  Coabnila  and  Zaoatccas  Satlroad. 

LiLUENDAHL,  Fbank  Akmstbono,  £.  M 1891. 

Afislstant  Saperiutendent  and  Metallut^st,  Mazapil  Copper  Co. 
(Ltd.),  Concepcion  del  Oro,  Estodo  de  Zacatecas,  Mexico  (via 
Laredo,  via  SaltUlo). 
1891-87,  aa  above. 

LnxrE,  Samuel  Morbis,  E.  M., 1874. 

328  Chestnut  Street,  Philadelphia,  Fa. 
1874-75,  Cbemist,  Kings  Conntj  Refining  Co,,  Green  Point,  L.  I.  1876-86, 
Chemist,  Franklin  Sugar  Reflnery,  Philadelphia,  Pa.  1886-87,  Sngar  Engineer 
and  ChemiBt,  1888-tlO,  Vioe-Preaident  and  Manager  of  "The  Sngai  Appaiatns 
Manafsctnring  Co.,"  a  Company  organized  ander  tbe  laws  of  Pennsylvania,  to 
operated  under  hie  patenta.    1891,  President  of  siud  Company. 

L1PP8,  Henbt,  Jr.,  C.  E 1888. 

897-901  E.  149th  St.,  and  Elliott  Ave.  near  Elizabeth  St.,  New 
York  City. 
From  July,  1888,  to  Angnst,  1889,  Assistant  Engineer  Haint  ol  W^,  Dep.  R. 
&D.  R.  R.,  W.  N.  C.  &  Va.  Mid.  Dir.    Angost,  1889,  to  Jannary,  1890,  Super- 
visor Track,  N.  C.  Div.  R,  &  R.  B.    Janoaiy,  1890,  Eogiaeer  Haint.  of  Way, 
N.  C.  Div.  R.  &  D.  R.  R. 

Little,  Willabd  Pahker,  E.  M.,  Ph.  B.,      .         .        .     1881. 
Little  &  O'Conner,  Architects,  Aator Court  Bldg.,  20  West  Thirty- 
fourth  Street,  New  York  City. 
LrviNoaiON,  Archibald  EooEHa,  C.  E.,        .         .        .     1891. 
20  North  Washington  Square,  New  York  City. 
Since  November,  I89I,  in  employ  cf  Lsokawanna  I.  &  8.  Co.,  Scianton,  Pa. 
LoifGACEE,  LiNDBAT  B.,  M.  E.,  B.  D.  (Drew  Theol. 

Seminary  1896), 1892. 

Tarrytown  and  Spuyten  Duyvil,  N.  Y. 
Gndoated  with  class  of  1896,  Drew  Theological  Seminary. 

LoBD,  Frederick  Reuben,  C.  E., 1892. 

G«Derftl  Manager,  Clifton  Coal  Co.,  Bay  Street,  cor.  Vanderbilt 
Ave.,  Clifton,  and  Box  228,  Stapleton  F.  O.,  Richmond  Co.,  N.Y. 

Love,  Edward  Gorlet,  A.  M.,  Ph.  B.,  Ph.  D.,     .         .     1876. 
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Analyticnl  and  Gossutting  Chemist,  Gae  Kzaminer,  Depaitmenl 
Public  Works,  122  Bowery,  and  SO  East  56th  Street,  New  York 

aty. 

LOWENBTEIN,  JOBEPH,  Ph.  B.,  ,  .  .  1896. 

205  Belmont  Avenue,  Newark,  N.  J. 

liUBLAM,  Frank  (Associate), 1895. 

Heine  &  La  Fai^e,  7  Beekman  St.,  aodlS  W.  16th  St.,  New  York 
City. 

Ludlow,  Edwin,  E.  M., 1879. 

Superintendent  Choctaw  Coal  and  Railway  Company,  Hartehoni, 
Indian  Territory. 
1879-81,  AKistant  Engineer  in  oharge  ol  hjdrogrsphio  -nork  on  Delaware  Kver 
under  U.  8.  Engineer.  leSl,  AMistaDt  Engineer  Mexican  National  Railroad, 
Hexioo.  1862-89,  As^staot  i^Dperintendent,  then  Sapeiintendent,  for  Pennsfl- 
vanla  Railroad  oool  mines  at  Shamokin,  Fa.  1889,  to  date.  Superintendent  o! 
Mines,  Cbootaw  Coal  and  Kaitroad  Company,  Hartshorn,  Indian  Territory. 

LuQUEK,  Lea  McIlvaine,  C.  E.,  Ph.  D.  (1894),    .         .     1897. 

Tutor  in  Mineralogy,  School  of  Mines,  New  York  City,  and  8 

Pierrepont  St.,  Brooklyn  N.  Y. 

Bnmmer  of  1S97,  AssiBtant  in  Geodetic  Sarveying  with  Proteaaor  BeM.     Som- 

nier  of  1B97,  AniBtaDt  in  Sorveying  with  Profeesor  Honroe.     snmmer  of  1888, 

Avistant  Id  Geodetic  Surveying  with  Proae«eor  Reea.    1887-90,  Fellow  in  Min- 

eialogy,  Bchool  of  Mines.    IB90,  AssiBtant  In  Mineralogy,  Hehool  of  Minea   1891 

to  date,  Tntor  in  Mineralogy,  Sdiool  ot  Mines.     1895-9S,  Lecturer  and  Instnio- 

tor  in  UinenloKy  during  absenoe  of  Profegeor  Mosea  in  Europe. 

LuoDKR,  Thatcheb  Tatlor  Patne,  C.  E.,  E.  E.,  (1892),      1889. 

Care  of  Metropolitan  Telephone  and  Telegraph  Co.,  18  Cortlandt 

Street,  New  York  City,  and  Bedford,  N.  Y. 

18B0,  Fellow  in  Engineering.     1S90-91,  Fellow  in  surveying  and  PiaoticBl 

Mining.  1891,  AaaJstant  in  Mining,  Colnmbia  Univereity,  School  of  Minea.  1893, 

with  H.  Ward  Leonard  &  Co.,  New  York  City.    1893,  Engineer,  Union  ElecMe 

Co.,  New  York  City.    1894,  Engineer  the  Fiber  Conduit  Company,  New  York 

City.    1895,  Engineering  Dept  M.  T.  &  T.  Co. 

Lo8K,  Graham,  A.  M.,  Ph.  B.,  Ph.  D.,  .  .     1887. 

Assistant  Professor  of  Phyuology  at  the  Yale  Medical  School,  New 

Haven,  Conn.     Address :  47  East  Thirty-fourth  St.,  N.  Y.  City. 

1887-1888,  Student  at  Munich.     1889,  Student  at  Mnnicdi ;  also  at  Belleme 

Hospital  Medical  CoU^e,  N.    Y.    1890,  Studied  at  Belleme ;  afterwards  in 

Munioh.    1891,  studied  in  Mnnich  and  was  later  appointed  Instructor  <rf  Fbj- 

siology  at  the  Yale  Medical  8<diool.    1892,  Aswstant  ProfeasM  of  Phydology. 

1895,  Profeasor  of  Physiology.     1896,  contributed  the  diapter  "  The  Chemistry 

of  the  Animal  Body  "  to  the  AmeriOBu  Test-book  ot  Physiology. 

Lttttgen,  Eberhaed,  Ph.  B., 1884. 

Wls^ickon  Chemical  Works,  Ambler  and  Chelten  Hills,  Wyn- 
cote  P.  O.  Pa. 
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1B84-BS,  AauBtuit  Cbemiat,  Cnne  Iron  Compiuiy,  Catomnqna,  Pa.,lB8S  to 
date,  CbemiBt  uid  Manager,  Kennbey  A  Mattteon's  Cbemical  Worka,  Ambler,  Pb. 
Sprai^lty,  nuuinfactnre  ot  inagiiesift. 

Ltmah,  Frank,  A.  B.,  M.  E., 1878. 

Deputjr  Commisdoner  City  Works,  Koom  15  Hunidpal  Building, 
and  50  K«ineen  Street,  Brooklyn,  N.  Y. 


McCaffeht,  Richard  S.,  E.  M., 1896. 

Care  The  Backus  &  Johnston  Co.,  Lima,  Fern,  S.  A.,  and /or  mail 
316  East  124th  Street,  New  York  City. 

McCoHWAT,  Wm.  Lttlb,  E.  M., 1896. 

Bedford  Avenue,  Pittsburgh,  Pa. 
McIlhinet,  Parker  C,  A.  M.,  Ph.  D.,        .        .        .     1892. 
School  of  Mines,  Columbia  University,  New  York  City,  and  72 
Monticello  Ave.,  Jemey  City,  N.  J. 
Summer  of  1892,  Chemist  Fibre  Pipe  Co.     1603-04,   Hon.   Ast.  in  AM^iog. 
18fl4,  Ant.  in  Metallurgy. 

McKenna,  Cearleb  Francis,  Ph.  B.,  .  .  .  .  1883, 
221  Pearl  Bt.,  and  144  W.  Ninety-ninth  St.,  New  York  City. 
1883-64,  Cberoist  Havemeyer  Sugar  Keflning  Company,  Jersey  City,  N.  J. 
1885-86,  Chemist  Cambiia  Company,  JobnHtown,  Pb.  1867-90,  Chemist  Edge- 
water  lime  Works,  Edgewater,  N.  J.  1890,  Chemist  Jas.  J.  MoEenna  &  Bras., 
Brass  Foanders,  4!M,  426  East  Twenty-tbird  Street,  New  York  City.  1893,  Di- 
rector, Physical  Testing  Department,  Laboratories,  Di.  G.  £.  Moore,  331  Pearl 
Street,  New  York  City. 

McKiH,  Robert  Albert,  C.  E 1884. 

Boom  213,  280  Broadway,  New  York  City,  and  Bochelle  Park, 
New  Rochelle,  N.  J. 
Anstont  Engineer  on  New  Croton  Aqnedoct.    (Entered  Aqnednct  Engineer 
Corps  as  Chain  man,  in  February,  1880. ) 

McKiNLET,  Wm.  Bradford,  E.  M.,  .  .  .  .  1895. 
Care  Wm.  Jarvis,  Tumoco,  Rep.  Colombia,  S.  America. 
Assistant  at  Pelican-Pines  Mine,  Oeorgetown,  Colo.,  Ock-Deo.,  1895.  Mine 
Clerk  at  Peerless  Coal  Mine,  Agnilar,  Colo.,  Dec,  1895  to  Feb.,  1896,  General 
Assay  OSce  at  La  Belle,  Tsos  Co.,  New  Meiioo,  May  to  Not.,  1896.  Mordi, 
1897,  Asristont  Engineer  Playa  de  Ore  Mining  Co.,  Ecnador,  8.  A. 

McLacohun,  Charles  Swain,  Ph.  B.,        .         .         .     1884. 
874  Broadway,  and  2041  Fifth  Avenue,  New  York  City. 

MacKate,  Harold  Steele,  C.  E.,  .         .  1887. 

45  Broadway  and  201  W.  106th St.,  New  York  aty. 
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Three  months'  work  in  New  York  Harbor  in  Amij  Corps  of  Engineeia.  One 
year's  employment  in  the  Office  of  Patent  Solioltora.  1689-93,  anting  aa  Fourth 
Assistant  Eiaminei  oF  the  U.  S.  Patent  Offioe.  Binoe  July,  1B92,  Patent  Conuel 
[or  Weatinghonse  Electric  and  ManntactDring  CompRnj. 

MacTeaoue,  John  Joseph,  E.  M 1883. 

Address  unknown. 
Maclay,  James,  C.  E., 1888. 

Tutor  in  Mathematics,  Columbia  College,  and  87  Union  Street, 
Newark,  N.  J. 
Mahont,  Arthur  Stuart,  E.  M.,        ....     1889. 

51  W.  Ninety-fourth  Street,  New  York  City. 
1B90,  Fint  Anistant  General  Manager  of  the  New  Birmingham  Iron  and  LadiI 
Company.    1891,  Treasurer  of  the  same  company,  also  Chemist  to  the  TaBSJe 
Belle  Fomace,  New  Birmingham,  Texas.    1893,  Contractor. 

Malukoff,  a.  J 1893. 

39  Whiting  St.,  Boston  Highlands,  Boston,  Mass. 
Mannheim,  Hermann  Charles,  E.  M.,         .        .         .     1887. 

Sfail  returned.     Care  of  R.  A.  Parker,  Johannesburg,  S.  A.  R., 
South  Africa. 
Mannheim,  Paul  August  Lodil,  E,  M,,  .     1886. 

United  Smelting  and  Refining  Company,  East  Helena,  Afontana. 
Marie,  Leok,  E.  M 1885. 

152  West  Eighty-sixth  Street,  New  York  City. 
Marsh,  John  Rollin,  E.  M., 188T 

Address  unknown. 
186T,  Chief  Engineer,  Indiana  Bridge  Company. 
Martin,  Edward  Ward  (Associate),     ....     1877. 

Chemist,  Board  of  Health,  301  Mott  Street,  New  York  City. 
Massa,  Charles  Griswold,  C.  E.,        .         .         .         .     1889, 

Port  Lee,  N.  Y. 
Bince  October,  1889,  on  varied  engineering  work,  iuclading :  Tiqwgrai^ucBl 
Snrvey,  Greenwood  Lake,  N.  Y.,  1889  ;  Strnctnral  Steel  Shop  Inspection  with  R. 
W.  Hildreth  &  Co.,  at  PhtenixTille,  Pa.,  1890,  and  at  Harrisburg,  Pa.,  1S94  ; 
ConatniotioQ  Lehigh  Valley  Ey.  Extension,  Geneva,  N,  Y.,  IBM  ;  Street  EailwiJ 
Constrnction,  All^heny,  Pa.,  1890-91;  R.  of  W.,  Huntenanoe,  Constraction, 
N(»th west  System,  Penna.  Lines,  1891-93;  Constraction,  Masonry,  Dam,  Etc., 
Newton,  N,  J.,  Water  Works,  1895. 

Massa,  Louis  Ferdinand,  C.  E., 1890. 

136  Liberty  Street,  New  York  City,  and  Fort  Lee,  N.  J. 
Ootober,  1890-93,  shop  practice,  Maiyland  Steel  Works,  at  Sparrow's  Point, 
Hd.,  as  followa :  Ootober,  1890,  to  July,  1891,  Moobine-stu^  praotioe.    Jnly, 
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1891,  to  September,  1891,  Beasenier  Mill  ConiitiaotioD.  September,  1881,  t«  Sep- 
tMuber,  1893,  BecMtuei  Rail-mill  sud  BoH-honM ;  Meobauicsl  and  MetallDrgical 
Eugineeriag.  October,  1892-93,  PoRt-gradoate  Electrical  Engineer  at  Colnmbia 
College.  FebnuiT,  1894,  to  date.  Electric  Engineering,  Conatmotion  and  Con- 
structing. 

MA8TEH8,  H.  K.,  E.  M., 1894. 

NicholB  Chemical  Co.,  Laurel  Hill,  L.  I.,  and  178  Congress  Street, 
Brooklyn,  N.  Y. 
Mathis,  Theophilus  Smith,  E.  M.,       .         .         .         .     1879. 
Engineer  of  Mines,  and  V.  B.  Surveyor  General's  Office,  and  529 
East  Street,  Salt  Lake  City,  Utah. 
From  Jannarj,  1890,  to  Febrnar; ,  1B91,  Aaeistant  Draagbtsman  U.  S.  Snrve^or 
Ceneral'B  Office,  Salt  Lake  Citj,  Utah.    Binoe  Februaiy,  1891,  Chief  Dranghta- 
man  of  Hineral  Division  of  said  Office,  and  still  holds  that  pccdtion. 

Mateb.  Ralph  Edwakd,  C.  E., 1879. 

Instructor  in  Mechanical  Drawing,  School  of  Mines,  Columbia 
College,  New  York  City, 

Meisel,  F.  C.  a..  Ph.  B 1892. 

Examiner  Chemist,  U.  8.  Laboratory,  402  Washington  Street,  New 
York  City,  and  44  Strong  Place,  Brooklyn,  N,  Y, 
1893-93,  let  Aast.  Cbemiat  National  Lead  Co.    1893-94,  Chemist,  International 
Phoepbate  Co.    1895  to  date,  Eiuuniner  Chemist,  U.  S.  laboratory. 

ME188NER,  CabL  Al'GCST,  Ph.  B., 1880. 

General  Mgr.  Londonderry  Iron  Co.,  Londonderry,  Nova  Scotia. 
One  year,  assistant  Chemist  Joliet  Steel  Company.  Three  years,  Chemist  and 
Aniatant  Superintendent  Brier  Hill  Iron  and  Coal  Company,  Yonngstown,  Ohio. 
One  and  a-ball  yeaia,  Head  Chemist  Joliet  Steel  Company.  Three  yeara.  Manager 
BterliDg  Iron  and  R'wy  Company,  Sterliniiton,  N.  Y.  At  present,  Vice-President 
and  General  Manager  of  the  Vanderbilt  Steel  and  Iron  Compan;,  Birmingham, 
AltL,  after  having  personally  organized  this  oompany.  President  Je&eison  Connty 
Mining  and  Qnarrying  Company. 

Melli^,  D.  Ernets,  a.  M.,  Ph.  D.  (Associate),  .  .  1868. 
Price's  Building,  534  Sacramento  Street,  San  Francisco,  Cal. 
Stndent  n^^olar  coarse,  three  yeacs,  Bchool  of  Mines.  Afterwards,  two  and 
a-balf  years  University  of  Goettingen,  graduating  Ph.D.,  in  1869.  One  year  at 
University  of  Vienna.  Since  then,  constantly  oocnpied  in  civil  and  mining  engi* 
neering.  In  1873  was  Chief  Engineer  in  ohaTge  of  Topc^^pbical  and  Geological 
Snrvey  of  Gnanocaate  and  Niooya  for  the  Casta  Rican  Government.  In  1681,  Con- 
salting  EnginesT  to  the  Pacific  Gai  Light  Company,  of  San  Fiancisoo,  and  in  its 
interest  stadied  the  different  gas-making  systems  in  the  United  States,  England, 
Fiance  and  Belginm.  Have  made  plans  for  and  erected  nnmeioos  ko\A,  edlver, 
copper  and  Lead  miaea.  Planned  the  Union  Iron  Works,  <rf  San  Francisco,  and 
superintended  their  conatmotion ;  also  the  AmHo  Oil  Works  and  several  other  in- 
doBttiat  establishments  on  the  FadSc  Coast.  Designed  and  bnilt  the  MazatlAn 
Water  Works,  in  Mexico ;  the  Hydranlic  Pros  Brick  Works,  of  California,  the 
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Iftigesl  estahlLabmeDt  of  ite  oUm  on  tbe  Pocifio  CoetA.  Four  jtAiB  in  Ccntnl 
America  and  H«xioo.  Wsi  Adminiatrator  at  San  Joel  de  loa  Booas  and  Conaolt- 
iug  Engineer  to  Goadalnpo  de  loa  Rejes,  Uie  most  Buooeaefol  silver  mine  of 
ffinaloa.  Now  Conanltiag  Engineer  in  San  FrandBco,  and  particalarl;  ooonpfed 
in  that  wpatdly  tor  the  Olympic  Salt  Water  CompRny,  wbcoe  works  are  now  bang 
erMted  under  his  Bnpervision  and  aocoiding  to  his  pUiu. 
MEBBUi,  Fbedebick  James  Hamilton,  Ph.  B.,  Ph.  D.,  1885. 
8tat«  Museum,  and  268  State  Street,  Albany,  N.  Y. 
1685-87,  Aniatant  on  the  Geological  Sarvey  at  New  Jersey-  I86G-90,  Fellow 
in  Oeology,  Columbia  UniTcrsit?.  1890  to  date,  Anistant  State  Geologist  and 
Aanatant  IHrector  of  tbe  New  York  State  Mnaenm,  Albany,  N.  Y. 

Merriit,  James  Haviland,  Ph.  B.,  A.  M.,     .  1880. 

3  Muoro  Place,  Brooklyn,  N.  Y. 

From  1B81-88,  Chemist  to  tbe  Bmdley  White  Lead  Co.  In  1889,  entered  tlie 
School  of  Mines  M  Post^Oiadnate  in  the  ooone  of  Architectiire.  189^-93,  Aicdii- 
teetand  Study. 

Mebz,  Eugene,  E.  M., "     .     1892. 

Box  216  and  143  Littleton  Ave.,  Newark,  N.  J. 

AaRLHtant  Superintendent  American  Ultiis  Marine  Works. 
Mesekole,  Walter  Monfobt,  C.  E.,     .         .        .        .     1881. 
189  Montague  St.,  and  2789  Atlantic  Avenue,  Brooklyn,  N.  Y. 

1861,  Tianritman  and  Topographer  Continental  Bailway  Co.  1881--83,  Anist. 
Eog.  in  CoDstcnotion,  N.  Y.,  West  Shore  and  BaSalo  Ry.  1884-85,  Dii-iaion  Ea- 
giaeer  Maintenance  of  Way  ;  1S85,  Chief  Engineer  Catskill  Monntaina  and  Cairo 
Railway.  1885,  in  charge  Top(%Tapbical  Survey  for  Kings  Coan^  Charities' 
Commis^OD.  1888  to  date,  in  General  Practice,  located  at  Brooklyn,  N.  Y. 
Specialties :  Improvement  and  Development  of  Bfal  Estate  and  Snrreying  fot 
L^l  and  CoDstrnotion  Purpoaes  ;  City  Surveyor  of  the  City  of  Brooklyn  ;  Chief 
Engineer  South  Brooklyn  R.  K.  and  Terminal  Company,  German-American  Im- 
provement Company  and  Hancock  and  State  Line  Railway  Company. 

ME88ITEH,  E.  H..  C,  E 1894. 

Arkanaaa  Valley  SmelUng  Co.,  Leadville,  Colo. 

1889,  Draughtsman,  NenCroton  Aqueduct.  1891  (Snmmer  vacation),  Dno^ts- 
man,  Mfg.  Investment  Co.,  Madison,  Me.  Mill  Constmction,  Jnne,  1694,  to 
November,   1894.     Inspector  under  Wm.   Barclay,   Parson^   C.   E.  November, 

1894,  June,  1S9S,  Engineer  Guggenheim  Smelting  Co.,  Perth  Amboy,  N.  J.  June, 

1895,  to  January,  1804,  Chief  of  Party,  Surveys  for  Ra[dd  Transit  Commiaion, 
N.  Y.  City.  January,  1896,  to  November,  1896,  Engineer  Guggenheim  Smelting 
Co.,  Perth  Amboy,  N.  J.  November,  1896,  to  April,  1897,  Engineer  Philadelphia 
Smelting  &  Refining  Ca,  Pueblo,  Colo.  April,  1697,  to  date,  Engineer  Arkames 
Valley  Smelting  Co.,  Leadville,  Colo. 

Meter,  Hebman  Henbt  Bebkabd,  E.  M.,      .  .     1885. 

539  W.  Twentieth  Btreet,  New  York  City,  and  for  Mail  844  Put- 
nam Avenue,  Brooklyn,  N.  Y. 
Surveying,  Field  and  Ofl3oe  work  at  Pelham   Pork,  WestohNtec  Co.,  July  to 
November,  1896.    December,  1895,  todate.  Engineer  for  Oregon  IiMi  Works,  New 
York  ;  deigning  and  erecting  machinery  for  mann&tctnring  iUnminating  ffU. 
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MiDDETON,  John,  C.  E., 1887. 

2789  Atlantic  AveDue,  and  14  Gleuade  Flace,  Brooklyn,  N.  Y. 
1888  to  date,  SnTveyor,  AaHlstant  to  W.  M.  Meserole,  C.  £. 

Miller,  Charles  Lewis,  E.  M., 1885. 

Illinois  Steel  Company,  3179  Ashland  Avenue,  and  8609  Ellia 
Avenue,  Chicago,  III. 
lB8e,  Aniatant  Chemist  Edgar  TbomBOO  Steel  Works,  Braddock,  Pa.  lBBS-87, 
ChemiBt  and  Anistant  Snpt.  Carbon  Inm  AFipe  Co.,  Panyville,  Pa.  1887-90, 
Sopt.  The  Hlnonri  Famaoe  Co.,  St.  Limis,  Ho.  1890  to  1896,  Sopt.  Blast  Fur- 
naces at  Union  Works  of  Illinois  Steel  Co.,  Chicago,  111.  Since  Aogost,  1896, 
Oenl.  Snpt.  Union  Works,  111.  Steel  Co.,  Chicago,  UL 

Miller,  Cbahles  Watts,  E.  M., 1884. 

Box  401,  Aspen,  Colo. 
1884-86,  Hetallaigioftl  Engineer  Hecla  Bronze  and  Iron  Works.     1885-86,  As- 
■tyer  and  Chemist,  Aspen,  Colo.     1886-91,  Mining  Engineer  and  United  States 
Depnty  Mineral  Snivejor,  Aspen,  Colo.     General  mining  engineering  hnsinree. 

Miller,  IIdmdnd  Howd,  Ph.  B.,  A.  M.  (1892),  Ph.  D. 

(1894) 1891. 

Tutor  in  Assaying,  Columbia  University,  School  of  Mines,  and 
West  Nyack,  Rockland  Co.,  N.  Y. 
1892-1897,  Tutor  in  Analytical  Chemistry  and  Assaying,  School  of  Hinei. 

Miller,  Rudolph  Philip,  C.  E., 1888. 

141  East  Fortieth  Street,  New  York  City. 
1888-1890,  Assistant  to  E.  M.  W.  1890-94,  Sapervieor  R.  and  D.  Bailmty  till 
April,  1894.  Angnst  to  November,  1894,  with  W.  S.  Miller,  Bailder,  New  York 
City.  Noveml>er,  1894,  toOctober,  1895,  with  Long  Island  R.  R.  as  transitnum 
And  BS^tant.  Deoember,  1895,  to  date,  with  Department  ot  Bnildings,  New 
York  City. 

Miller,  Samuel  O.,  C.  E 1896. 

West  Nyaek,  N.  Y. 
From  Jane  to  September,  1B9S,  field  and  ofBoe  work  for  Bsmapo  Water  Co. 
January  to  March,  1896,  Engaged  in  Mine  Surveying  (or  the  Sterling  Iron  and 
K.  R.  Co.,  Sterlington,  N.  Y.    From  March,  1896,  to  date,  in  the  employ  of  the 
Department  of  Boildinfft  of  New  York  City. 

MiLLiKEN,  George  Fanshawe,  E.  M.,  ....     1870. 

Laud  Department,  N.  P.  R.    R.,  Tacoma,   Wash.,  and  Union 

League  Club,  New  York  City, 

1879-80,    Snperlnlendeut    "Milton    Mining    Company."     1880-83,    General 

Manager  "Cheater  Mining  Company."     1883-87,  in  General  Consnltiog  Practice 

as  Engineer.     1887-90,  General  Manager  "  Costa  Gica  Mining  Co.,  Ltd,"     1890, 

to  date,  Conanlling  Engineer  Northern  FaoiQo  Railroad. 

MoLDEHNKE,  RicHAKD  Georoe  Gottlob,  E.  M.,  Ph.D.,       1885. 
McConway  &  Torley  Co.,  Forty-eighth  Street  and  A.  V.  R.  R., 
and  164  Home  Street,  Pittsburgh,  Pa. 
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1865-67,  Three  Sammer  aeawma  witb  United  Stataa  Cotat  moA  Geadetie  Snrr^, 
New  York  and  Philadelphia  Harbors  and  Cape  Cod,  Uon.,  Bgdrogra^ic  Wtri, 
TriangnlAtion,  Levelling,  etc  1885-86,  Winter,  nine  oontiba,  Sanitary  EitginMr- 
tn;,  iDspeotor,  etc..  New  York  Anoolation  lor  Improrement  ot  Condition  of  Boor. 
1867-69,  Eledrieal  Xngiiieaittg,  five  montbe  Mining  Engineer  Spngne  Electrio 
Railway  and  Motor  Co.,  seven  months  Mechanical  Engineer  Crocker-Wheeler 
Motor  Co.,  five  mooths  experimenting  on  patents  taken  ont.  1689,  Hannftustnr- 
ing  tor  myself.  Speoialtj  in  HaohinistB'  Tools.  1889-90,  Frofeaor  Medianicnl 
and  Electrical  Engineering,  Michigan  Mining  School,  Hooghton,  Midi.  1690,  to 
date,  Engineer  McConway  &  Torley  Co.    Expert  In  Malleable  CaatLngs. 

MoMELL,  Joseph  Thompbon,  C.  E.,         .         .        .         .     1889. 
136  Liberty  St.,  and  236  W.  Twenty-second  St.,  New  York  City. 
1S91,  Electrical  Engineering,  Cnrtie  Electrical  M[g.  Co.    1892,  Tutor  in  As- 
tronomy, Columbia  College. 

MONTENBQBO,  Manuel  Kafael,  E.  M.,  .         .         .         .     1890. 

539  W.  Twentieth  Street,  New  York  City,  and  53  Washington 

Street,  Hoboken.  N.  J. 

1690,  Spiral  Weld  Tnbe  Company,  East  Orenge,  N.  J.,  and  atndying  macbine- 

shop  practice.    1891-92,  engaged  in  the  formation  (rf  mining  companies.     1692  to 

date,  AtNBtont  Superintendent  Oiegoo  Iron  Works,  New  York  Ci^. 

MoBA,  MabianoLui8,C.E., 1891. 

Genl.  Elee.  Co.,  Schenectady,  N.  Y. 
Graduate  Poefrfradiiato  Conne  Eteolrical  Engineering,  1694. 

MoKAN,  Daniel  Edward,  C.  E., 1884. 

Sooyamith  &  Co.,  Milla  Building,  and  26  W.  Eighteenth  Street, 
New  York  City. 

Morgan,  William  Fellowes,  A.  B.,  E.  M.  (Life  Member),  1884. 
Brooklyn   Bridge  Freezing  and    Storage  Co.,  Arch  4,  Brooklyn 
Bridge,  New  York  City,  and  Short  Hills,  N.  J. 
1684-86,  Banking  and  Brokerage.    1866  to  date,  as  above. 

MosELT,  RiCHABD  Keeler,  Ph.  B.,         .         .         .         .     1889. 
Architect,  Room  C,  Produce  Exchange  Building,  New  York  City, 
and  139  Glenwood  Avenue,  East  Orange,  N.  J. 
From  Jnoe,  1889,  to  Jannary,  1893,  worked  as  Diaoghtsman  in  the  Offices  ot  S. 
J.  O'Connor,  Carrfre  &  Uaatings,  and  Richard  M.  Hunt,  of  New  York,  and  Benj. 
Silliman,  ot  Yonken,  N.  Y.     Since  Jaonary,  1893,  practicing  Architecture  inde- 
pendently at  tlie  above  address. 

Moses,  Alfbed  Joseph,  E.  M.,  Ph.  D 1882. 

Adj.  Professior  Mineralogy,  Columbia  UniverBity  School  of  Mines. 
1882-85,   AsHistuit  iu  Mineralogy,  School  ot  Mines.     1S85-90,  Instructor  in 
Mineralogy  and  Metallurgy.     1690  to  1697,   Adjunct  Professor  of  Hineralogy. 
Managing  Editor  SCHOOL  OF  MiNBS  Quabtrrly. 
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MULFORD,  ROBBBT,  E.  M,, 1884. 

JSgr.  Frazer  Sc  Chalmers,  80  Broadway,  New  York  City,  and  144 

8.  Second  Avenue,  Mt.  Vernon,  N.  Y. 

18D0,  AeHiBtaot  SaperiDteDtlent  Rio  del  Oro  Gold  Co.,  Aigentioe  Repablio,  B. 

A.     1891,  Hoadoraa?    1893,  General  Managei  of  Ihe  Kanimapoo  Gold  Mining 

Co.,  Limited,  of  Georgetown,  Demerara,  BritJih  Guiana,  and  am  now  in  tlie 

emploj  ol  Frazer  &  Chalmers. 

MuLLER,  Geobge,  Ph.  B., 1887. 

634  Eaat  One  Hundred  and  Thirty-ninth  St, ,  New  York  City. 
1665,  Chemifit,  Pnget  Sound  Eednotion  Co.,  Everett,  Washington. 

McNROB,  Henry  Smith,  E.  M.,  Ph.  D 1869. 

Profeesor  Mining,  Columbia  College  School  of  Mines,  and  46 
Sidney  Place,  Brooklyn,  N.  Y, 
1869-70,  Poat-gradnate  Stodent  in  Chemistry  and  Economic  Geology,  School  ol 
Mines.  1870-71,  Anistant  Geolc^st  Ohio  State  Geologicnl  Survey.  1870-72, 
AsNotant  Chemist,  Department  of  Agricnltare,  Wsshington,  D.  C.  1872-75, 
A»stajit  Geologist  and  Mining  Engineer,  Geological  Survey  ol  Yeddo,  Japan. 
1875-76,  ProtesBOT  of  Geology  and  Mining,  Univetnty  of  Tokio,  Japan.  1877-flt, 
Adjnnct  Professor  ot  Sntveying  and  Piaotioal  Mining,  and  1891,  Professor  of 
Mining,  School  (rf  Mines,  Colnmbia  University,  New  York  City.  1861-84,  Man^^, 
and  1690-93,  Vice-President  American  Institnte  Mining  Engineers. 

MiTNROE,  Orra  MoRTiMiit,  Ph.  B., 1879. 

Banker,  De  Soto,  Uo. 
MuNSELL,  Chaklbs  Edward,  Ph.  B.,  Ph.  D.,        .  1878. 

F.  W.  Devoe  &  C.  T.  Raynolda  Co.,  110  Horatio  Street,  New  York 
City,  and  Rye,  N.  Y. 
November,  1876,  with  A.  E.  Foote,  Mineral  Dealer,  Philadelphia.  Uandi 
1879,  with  T.  A.  Edison,  Menio  Park,  N.  J.  May,  1879,  Chemist,  Bnshwiok 
Chemical  Works,  Brooklyn,  N.  Y.  October,  1879,  StenoilogiBphei  and  Celestyper, 
Sdiool  ol  Mines,  N.  Y.  January,  I860,  to  December,  1866,  Milk  Inspector,  New 
York  City  Health  Department.  July,  1881,  to  May,  1863,  State  Milk  Inspector, 
New  York  State  Board  of  Health.  1886  to  1895,  Analyst  and  Anistant  Chemist 
F.  W.  Devoe  and  C.  T.  Baynolds  Co.,  New  York  City.  Specialty,  Paints  and 
Colora 
Mdrpht,  Henrt  Morgan,  E.  M 1878. 

Murphy  Varnish  Co. ,  Chestnut  and  McWborter  Streets,  Newark, 
N.  J. 
MuBPHT,  John  Glenvillb,  E.  M.,  C.  E.,       .  1877. 

Grand  Union  Hotel,  New  York  City. 
Asmstant  Snperintendent  Orino<^  Exploring  and  Mining  Co.,  Gold  Hins. 
Assistant  Superintendent  Callao  Gold  Mining  Co.  Territorial  Geologist  of  Wyom< 
log.  Snperintendent  Esmeralda  Mining  Co.,  Black  Hills,  Dakota,  Gold  Mine, 
Superintendent  New  York  and  Lee  Mountain  Syndicate,  Montana,  Lead-Sllvn 
Mines,  Has  made  professional  exaroinaUons  in  nearly  all  parts  of  the  Dnited 
States,  the  Paohnoa  Silver  and  Jngnaoii  Copper  Districts  in  Mexico,  and  two  and 
s  half  years  ago  made  a  sii  months'  trip  in  Colombia  and  Eonador. 
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N. 
Navarbo,  John  Adalberto,  C.  E.,        .         .  1880. 

Seminario  No.  1,  Mexico  City,  Mexico,  and  care  Mexican  Consul 
General,  85  Broadway,  New  York  City. 
1881-82,  Civil  EDgineering  Comae  in  PolyteohDicnm,  HanoTer,  Gennui}'. 
1882-84,  Helicon  Giivemment  CommiadioDer  to  atadj  railwaj  syBlems  of  Europe. 
1S85-S,  Sallroad  Inapeotor  in  Interoceanic  Railroad,  Mexico.  188S-8T,  Ajditsnt 
Compiler  of  Memoir,  pnbliafaed  by  Department  of  Public  Works  (J^mtenie). 
Mexico.  1B87  to  date,  Engineer  In  diante  of  Sun'eys  and  RepreaentntiTe  in 
Bhiapas  ot  tlie  Mexican  Land  and  Colonization  Co, 
Neftel,  Knight,  C.  E.,  Ph.  D., 1879. 

115  Bioadway,  New  York  City. 
NissMiTH,  James,  E.  M., 1879. 

256  Henry  Street,  Brooklyn,  N.  Y. 
Newbekbt,  Spencer  Baird,  E.  M.,  Ph.  D 1878. 

The  Sandusky  Portland  Cement  Co.,  Sandusky,  Ohio. 
1878-93,  ProfcMor  ot  Cbemistry,  Cornell  University,  Ithaca,  N.  Y. 
Nbwberht,  WoLcoiT  Elt,  E.  M.,  .         .         .     1884. 

Colorado  Springa,  Colorado. 
1884-86,  Uetallorgiet,  Caaa  Omnde  Co.,  Arizona.  1885-86,  Aaeistant  Snperin- 
tendent  Canaoea  Mg.  Co.,  Sonora,  Mexico.  1886-87,  Suprrintendeut  Argcntiim 
Htaing  Co.,  Aspen,  Colo.  1847,  General  Manager  ^Aspen  Mg.  and  Smelting  Ca, 
Aapen,  Colo.  1888  to  present  time,  Geneial  Manager  Enterprise  Mg.  Co.,  Aspen, 
CoLo.  Baperintendent  Aspen  Contract  Co.,  Aspen,  Colo.  8nperint«ident  Mutual 
Benefit  Milling  and  Mining  Co.,  Aspen,  Colo.  1892,  General  Manager  leabelbt 
Gold  Mining  Company,  Cripple  Creek,  Colorado.  1893,  aa  above.  1894,  Mining 
Engineer,  Colonulo  Springs.  1696,  Mining  Engineer,  Examining  Mines  in  South 
America. 

Nbwbrough,  Wiluam,  a.  B.,  E.  M.,     .  .     1884. 

174  West  One  Hundred  and  Seventh  Street,  New  York  City. 
Newhouse,  Edgae  Liebeb,  E.  M.,         .        .         .         .     1886. 

75  and  77  Worth  Street,  New  York  City. 
Nichols,  Ralph,  E.  M.,  C.  E 1877. 

Superintendent,  De  La  Mars,  Nev.  O.  Mg.  Co.,  Delamar,  Lincoln 
Co.,  Nevada. 
1878,  Ore  Sorter,  Hnkill  Mine,  Idaho  Springs,  Colo.  lAter,  Asetstant  in  F.  £. 
Brown's  Civil  and  Mining  Engineering  cffloe,  Georgetown,  Colo.  Later,  Assist 
and  Chemist  La  Plata  M.  and  S.  Co.,  I..eadville,  Colo.  Appointed  U.  8.  Depntr 
Mineral  Surveyor  in  1879.  1879-82,  Civil  and  Mining  Engineer  at  Leadville, 
Colo.,  with  following  firms  :  Page,  Nichols  •&  Co.,  and  NIoholR  &  Dunham. 
Superintendent  Faiwell  Cons.  Mining  Co.'s  Gold  Mill  at  Indepeodeuoe,  Colo. 
Superintendent  ot  the  Big  Pittsburg  Cons.  Mining  Co.,  Leadville.  1883,  Snper- 
intendent  of  the  Viola  Hining  and  Smelting  Co,  XAter  General  Manager  of  same 
notil  1891.  Since  then  have  been  mining  and  working  mines  on  lease.   Examined 


mines  io  Colomdo,  Idaho,  Kerado,  and  Mexico.  1894,  General  Snperintendetit 
The  Comatook  Tonnel  Co.  Interested  in  mines  in  Colorado  and  Idaho,  and  am 
working  mines  in  Idaho  nnder  teaae.  Have  aoted  as  ore  baj^er  lor  the  Cons. 
Kaiiimn  (Ht;  3.  and  R.  Co.,  and  am  at  present  representing  the  Globe  8.  and  R. 
Co.,  in  thisState. 

Noble,  Louis  Spencer,  E.  M., 1885. 

Addresa  unknowo. 
1885-89,  Hiniag  Engioeer  to  Iron-SUver  Mg.  Co.,  and  Nisi  Fiins  Cons.  Hg. 
Co.,  of  Leadrille,  Colo.  Also  dnriiig  1889  Coustilting,  Keportingand  I^irsait 
work  on  other  Colorado  properties.  1889-90;  Snperintendent  of  Mines  and  Mining 
Engineer  to  CouBtanoi a  Mining  and  Smelting  Co.,  at  Sierra  Mojada,  Coohnlia, 
Mexioo.  1890-91,  Mining  Engineer  on  lAwsnit  preparation,  with  Blue  Bird 
Mining  Co.,  Ltd.,  of  Bntte,  Montana.  Specialty,  Lead,  Silver  and  Gold  Mines 
and  Mining. 

Nolan,  Thomas,  M.  S.,  Ph.  B., 1884. 

Nolan,  Nolan  &  8t«m,  Architects,   1017  Chamber  of  Commerce 
Building,  Rochester,  N.  Y. 

NoBRis,  Dudley  Hiram,  E.  M., 1877. 

123  West  Thirty-fourth  Street,  New  York  City. 
NoRRls,  Robert  Van  Arsdale,  E.  M.,  .        .        .     1885. 

Assiatant  Engineer,  P.  R.  R.,  Dept,  of  Anthracite  Coal,  Room  28 
First    National   Bank  Building,    and  24  g.    Franklin   Street, 
Wilkesbarre,  Pa. 
IBSe,  Asaistant  in  Fiaetical  Mining  and  SnrTcying,  Sohool  of  Mines.    U.  8. 
Inspector  of  Dredging,  in  charge  of  Manrioe  River  Improvement,  Millville,  N.  J. 
1886,  Chemist,  Herman  Behr,  Manufaotnrer  of  Colon,  Brooklyn,  N.  Y.    Jnne, 
1886,  to  date.  Assistant  Engineer,  Pennsylvania  Bailrood  Department  of  Anthis- 
'  cite  Coal  Collieries.    Specialty,  Mechanical  Engineering  of  Collieries. 

Norton,  Lucien  Hollet,  E.  M,, 1886. 

Penna.  Smelting  Co.,  Sandy,  Utah. 
1887-1800,  Engineering  OEQoe,  N.  Y.,  N.  H.  &  W.  R.  R.  Experienoe  in  Rail- 
road Conrtrnotion,  Location  and  Preliminary  Surveys,  Offioe  Work  and  General 
Snrveyinx.  1890,  Aaeaysr  and  Engineer  to  West  Indian  New  Gold  Mining  Cor- 
poration, Son  Domingo,  West  Indiu.  Experience  in  Free  Melting  of  Gold  ores, 
.Assaying,  Surveying,  etc.  Jannaiy,  1891-92,  Asaayerfor  Daly  Mining  Co.,  Park 
City,  Utah.  Exi)erieuoe  in  Assaying,  General  Analyses.  Also  Leaching  of  Silver 
ores  by  tbe  Rnnell  Process.     1892  to  date,  as  above. 

Noyes,  Jameb  Atkinb,  Ph.  B.,  A.  B.  (Harvard,  '83), 

(Life  Member) 1878. 

71  Sparks  St.,  Cambridge,  Mass. 
Editor  Qainqnennial  Catalogue,  Harvard  University. 

Notes,  William  Skaats,  E.  M., 1876. 

Shafter,  Presidio  County,  Texas,  and  2023  Summit  Street,  Oak- 
land, Cal. 
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1877-79,  A«Mjer  tor  MeCmckin  Mining  Co.,  Mohave  Co.,  .Arizona.  ISTS-ISSI, 
Foreman  of  Bodie  Mill,  for  Bodie  Coal  MiniDf;  Co.,  Bodie,  Cal.  1B81-1883, 
Ezamining  Minea  (or  San  Fnucieoo  Capitaliste.  1883  to  preeent  time,  Saperin- 
tendentof  Prealdio  MintogCo,,  and  The  Cihilo  Creek  Mill  and  Mining  Co., 
Sbafter,  Pnsidio  Co.,  Texas. 

Nte,  Alvih  Crocker,  Ph.  B., 1884. 

Hayden  Furn.  Co.,  1  West  Thirty-fourth  St.,  and  107  E.  Seven- 
tieth Street,  Kew  York  City. 

188*-B5,  Draughteman,  C.  C.  Hainht,  Architect,  New  York  City.  1885-80, 
Designer  and  Head  Diaaghtaman,  Herter  Brothers,  New  York  City.  ISM)  to 
date,  Fnniitvre  Designer  and  Architect,  The  TIBany  Glaas  Co.,  New  York  City. 
1892,  Chief  DcBigner  aa  above. 

0. 

O'CoNNOH,  Michael  Jobeph,  E.  M.,  Ph.  B.,  .         .     1881. 

Little  &  O'Connor,  Architect  (1884),  the  Astor  Court  Bufldiog,  20 
WoBt  Thirty-fourth  Street.Kew  York  City. 
O'CoNNOH,  Thomas  Devlin,  Ph.  R,       .         .         .         .     1«81. 

O'Connor  &  Elliot,  16  Exchange  Place,  and  12  E,  Forty-fourth 
Street,  New  York  City. 
Of,  Charles,  E.  M., 1896. 

892  Proflpect  Ave.,  Kew  York  City,  N.  Y. 
Olcott,  Eben  Erskine,  E.  M., 1874. 

Mining  and  Metallurgical  Engineer,  18  Broadway,  and  38  W. 
Thirty-ninth  Street,  New  York  City. 
1874-76,  Chemist  to  Ore-Knob  Copper  Co.,  in  charge  oC  Hunt  &  Donglas  Pro- 
cess. 1875-76,  AsBislant  Snpt.  Penna.  Lead  Co.  's  Works,  MansSeld  Talley,  Pa. 
1876-78,  Assistant  Snpt.  Oiinooo  Exploring  and  Mining  Co.,  at  their  Gold  Minea 
in  VeneEoela.  1878-79,  Sopt.  of  the  same.  1879-81,  Examining  Mines  in  Colo- 
rado, Utah,  NeiTula  and  California,  tor  New  York  Investors.  1881-85.  Snpt.  St. 
Helena  Gold  Mines,  Sonora,  Mexico.  1885,  opened  office  in  New  York  as  Con- 
salting  Engineer,  and  since  then  has  been  engaged  as  Consulting  Mining  and 
Metallurgical  Engineer,  in  Pern,  Bepnblio  of  Colombia,  Dntoh  and  BriUsh 
Gniana,  Mexico,  British  Colnmbia,  Ontario,  New  Brunswick,  and  the  United 
States.  1895,  Consalting  Mining  and  Engineer  and  Genl.  Mgr.  Hndson  Biver 
Da;  Line.  Member  ot  firm  Olcott,  Fearn  &  Peele  Consulting  Mining  Engineers. 
Ormsbee,  James  Jackson,  E.  M., 1886. 

Superintendent  Tenn.  Coal,  Iron  &  By.  Co.,  Henry  Ellen,  Ala. 
1886-91,  Mining  Engineer  of  Tiaoj  City  Division  ot  Tennessee  Coal,  Iron  sitd' 
Railroad  Co.  1891-92,  Superintendent,  Thomas  Coal  Mines,  of  TennesKe  Coal, 
Iron  and  Railroad  Co.,  Whitwell,  Tenn.  1892-94,  Engineer  and  Superintendent 
Seqnaohee  Valley  Coal  and  Coke  Co.  1694,  Superintendent  Poplar  Creek  Div. 
Tenn.  Ccal,  Iron  and  Kallroad  Co. 
Osterbeeg,  Mas,  E.  E.,  A.  M., 1894. 

27  TbameB  Street,  and  113  East  Sixty-fifth  Street,  New  York  City. 
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Summer  '04,  after  gndoAtlOD  :  Editor  of  tbe  fr«eeeding»  ot  the  Chicmo  Eleo- 
tricftl  CoDgnee.  Fraotical  shopwork  in  a  iyiuaao  Imetory.  Ootob«r  let,  Ai^Mriated 
Anooiate  Editor  of  Electric  Power.  Dnring  Heaeoo  *EM-  95,  Insimctor  of  Eleotri- 
gbI  Engineering  at  tbe  National  School  of  Eleotrioity ,  at  tbe  Y.  M.  C.  A.  in  New 
York  City  and  Stamford,  Coon.  Fall  '94.  Reentered  College  to  pniflae  poat- 
gndnate  Htndiee.  Jnne  '95,  waa  appointed  University  Fellow  in  Meohauios. 
January,  '96,  Antborof  "Spiopsit  of  CitrraU  Elairieal  Literabire."  Eatabtished 
as  Consulting  Engineer  and  Electrical  Expert  on  Sept.  1,  '96. 

OsTBEHELD,  Theodobe  W.,  E.  M 1886. 

Consulting  Eng.,  Apartado,  No.  38c,  Puebla,  Mexico. 
Anistant  BaperintMident  of  Blaat  fnmaoca,  P.  8.  Co.,  1686-87.  General 
Foundry  Praotloe,  Wortbington  P.  Worka,  1887-88.  Owner  of  Fonndry  and 
Genenl  Iron  Works,  1B88-89.  Viofr-Praaident,  Pendleton  Mining  Co. ,  and  Con- 
snlting  Engineer,  1389,  '90,  '91,  and  General  Consulting  Engineer,  Iron  and  Coal 
Specialty,  and  Metallnrgtat  of  Iron  and  Finiahed  Mannbotnring.  Interval  of 
1880-91,  of  tbe  tuontba  December  to  May,  Superintending  Construction  tA  Soiling 
Mill,  SontbweM  Tirginia.  Bpedaltj,  Coal  and  Iron  of  tbe  Tirginiaa.  President 
of  theSoulbem  Kednoing  Co.,  Ezperts,  Chemists  and  Mining  Engineers.  Locating 
Engineer,  C.  &  M.  B.  R.,  Cart^ena,  '91-92  ;  Chief  Engineer,  C.  &  Z.  K.  IL,  '93-94- 
95,  Coabgnila,  Mexico.  '95  to  preaent  date,  Coninlting  Engineer  and  Member  of 
the  Banking  Firm,  Goeat,  Eeaden  •&  Co.,  Pueblo,  Mexioo. 
Owen,  Frederick  Nash,  E.  M., 1878. 

avil  and  Sanitary  Engineer,  113  East  Forty-fifth  Street,  New 
York  City. 

P. 

Page,  George  Stephen,  E.  M 1885. 

Care  of  Park  Bros.  &.  Co.,  Limited,  Pittaburgh,  Pa. 
1885-86,  AHJstant  Chemist  Edgar  Tbompson  Steel  Works.    From  July,  1866, 
to  date,  Haoager  of  Steel  Works  with  Park  Bro.  &  Co.,  Ltd.    Specialty  ;    Uann- 
faoture  irf  Open-Hsarth  and  Crucible  Steel. 

Page,  Wiluam  Steven8,  E.  M.,    .         .        .         .         .     1882. 

Aqueduct  CommissioD,  Sing  Sing,  N.  ¥. 
Painteb,  Charles  Albert,  E.  M.,        ....     1884. 
J.    Fainter  &  Sons,  Pittsburg,  Pa.,  and  208  Western  Avenue, 
Allegheny  City,  Pa. 
Painteb,  George  Edwards,  Ph.  B.,      .         .  .     1883. 

J.  Painter  &  Sons  Co.,  Rttaburg,  Pa.,  and  212  WeBtem  Avenue, 
Allegheny  City,  Pa. 
Parker,  Andrew  McClean,  E.  M.,       ....     1880. 
Acting  1st  Aaeistant  Engineer,  Dept.  of  Docks,  Pier  A,  and  35  W. 
One  Hundred  and  Nineteenth  Street,  New  York  City. 
Pakker,  Hbeschel  Cufford,  Ph.  B.,  ....     1890. 
Dept.  of  Physics,  Columbia  University,  New  York  Cily,  and  21 
Ft.  Green  Place,  Brooklj-n,  N.  Y. 
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1)W)-91,  Fellow  In  Physica,  Aasisbtot  Initniotor,  Coaree  In  PbyrioJ  H 
DteutB.     1B91-93,  Aaaiatant.    1893-B7,  Tutor  in  PbTMCt.    Iiutnictor  in  Eleotaical 
Heaaarementa. 

Parkeb,  Richard  Alexandeb,  C.  £.,  E.  M.,  .    1878. 

Consulting  Mining  Engineers,  403  Lyceum  Bldg.,  Doluth,  Minn. , 

and  East  Ohio  Street,  Marquette,  Micti. 

1878-79,  Anistant  SupeiintendMit,  HontemmB  ^Iver  HintngCo.,  HontCEnnu, 

Colo.    I>i80-8I,  Sorvejor  at  Georgetown.    1881-83,  Chief  DraoghtHinan,  Uudcbd 

Natl.  CooB.  Co.,  Laredo.  Texas.    1883-84,  Fxamining  Mines  in  Colorado,  Utsli 

and  Idaho  mainly.    1883-86,  Soperintendent,  Atlanta  HiU  Gold  Co.  AlsoSnper- 

Intondeat  Ot  the  Big  Lode  (Gold)  Co.,  Atlanta,  AltnnM  Co.,  Idaho.    1687  to  date, 

Besident  Manager  and  Agent  tor  Bunion  Iron  Co.,  Imperial  Iron  Co.,  and  Ban« 

Iron  Co.    Also  Consnlting  Mining  Engineer.    Spei^itles,  Gold  and  Silvs  Hot- 

ingtud  Hilling,  and  Iron  oroi. 

Paeks,  John  Rakdolph,  E.  M., ]880. 

Helena,  Mont. 
Consulting  Mining  EogioMr. 

Pabbaqa,  Charles  Fredebick,  C.  E.  (Life  Member),    .    1883. 
58  William  Street,  and  145  W.  Ninety-seventh  Street,  New  York 
City. 
18S3-84,  Inspeotor  ot  Conatmotion  of  Bridges  and  EMlroad  Material  in  Europe. 
1884-86,  Ballroad  Engineer  in  Colombia,  S.  A.    1887  to  date,  Geneial  Expert 
Bn^nees.    1861,  Del^ate  from  Colombia  to  the  InterContineutal  Ktulway  Com- 
mission at  Washington,  D.  C. 

Pahkot,  Edward  Monroe,  E.  M.,         .         .  .     1870. 

Ontario,  Wayne  County,  K.  Y. 

Pahsons,  Henrt,  C.  E 1888. 

Secy,  and  Treaa.  So,  Ca.  &  G.  E.  E.,  15  Broad  St.,  and  1033 
Madison  Avenue,  New  York  City. 

Parsons,  Wiluam  Barclay,  A.  B.,  C.  E.,  .  .  .  1882. 
22  Wllliara  Street,  and  51  East  Fifty-third  Street,  New  York  Citj". 
FreviooB  to  graduation  served  as  AaNstaut  Engineer  Amot  and  Pine  Greek 
Bailroad  and  Blosabnrg  Coal  Mine.  After  gradnation  entered  MwntenaDoe  ot 
Way  Department  ot  the  New  York,  Lake  Erie  and  Western  Raitnnd.  Sesigned 
in  18S6  and  oommeooed  piaotaoe  ss  Cousolting  Engineer,  Nmf  York,  as  snoh  bsre 
lisd  charge  ot  modi  heavy  engineering  ooustruotiou.  At  present  Chief  Engineer 
Bapld  Transit  Commission,  Nen  York  City. 

Patne,  Clarence  Qointard,  E.  M.,      .  .         .     1882. 

President  Payne  Separator  Co.,  9  Cl\tf  Street.  New  Yoi*  City, 
and  Stamford,  Conn. 

Pearib,  Charles  Fowler,  E.  M.,  ....     1884. 

Box  374,  Helena,  Mont. 
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Peck,  Staunton  Bloodoood.  C.  E.,  E.  M.,    .         .         .     1886. 
Link  Belt  Machinery  Co.,  Thirly-ninth  Street  and  Stewart  Avenue, 
Chicago,  III.,  and  111  East  Thirty-fourth  Street,  New  York  City. 
One  and  m  halt  7«ra  Heobanioal  Engineer,  Burr  &  Dodge,  Pbiladel[Aia.     Two 
yean  AsRotant  Chief  Engineer  Link  Belt  EngiuNTing  Company,  Philadelphia. 
Stnoe  1S88,  Ajaiatant  Chief  Engineer  Dodge  Coal  St«roge  Company.     Sinoe  189Q 
and  at  preaent,  Oiief  Engineer  Link  Belt  Haobinery  Company,  Chicago.    Spec- 
ial^, handling  materiala  in  bnlk  or  packageand  power  tiansmiariona. 

Pbele,  Kobeht,  E.  M 1883. 

"The  Monterey,"  One  Hundred  and  Fourteenth  Street,  and 
MomingBide  Park,  New  York  City. 
1883,  Anayer,  Deejgnolle  Rednotiou  Works,  Charlotte,  North  Carolina.  1883- 
64,  Atvayer  and  Anistant  Snp't  SilTer-King  Mining  and  Milling  Co.,  Montezama, 
Coloiado.  1884-86,  Foreman,  Dry^cnishiog  and  Amalgamating  Silver-mill, 
Silyer-King  Uining  Co.,  Pinal,  Arizona.  1886,  went  to  En.'land  to  examine 
systeroa  of  Senage  dispoaal  need  in  inland  towns.  1E<87,  ProteaBional  work  aa 
aaristaot,  in  Mew  York  and  ArlEona.  1888,  Examining  gold-minea  in  Uepnblio 
of  ColfHnbia,  B.  A.  Snpt.  HndwU  Mining  Co.,  Ltd.,  Fairplay,  Coloiada  Ex- 
aminationa  and  Oie-testing  on  Copper  and  Tin  Propertiea,  New  Mezioo  and 
North  Carolina.  1S89,  Examining  Gold  placers,  Dnteh  Guiana,  Sonth  America. 
1889-90,  Snpt.  Oregon  Gold-mining  Co.,  Comnoopia,  Or^on.  1690-92,  Examin- 
ing SilTw-,  Tin-,  and  Gold-mines  in  Pern,  Bolivia,  and  Republic  irf  Colombia, 
S.  A.,  tor  the  PemTiao  Exploration  Syndicate,  Ltd.,  London,  and  IJma,  Pern. 
1892,  Adjunct  Prof,  of  Mining,  School  ot  Hinea,  Colombia  Collie. 

Pellew,  Chakle8  Eknebt,  E.  M.,  ....     1884. 

College  Physiciaua  and  Surgeons,  437  West  Fifty-ninth  Street,  and 

51  East  Fifty-fourtli  Street,  New  York  City. 

1684-85,  studied  chemistry  at  Lehigh  University  and  Bethlehem  Steel  Worka. 

1885-67,  studied  chemistiy,  physics,  microscopy  and  bacteria  at  School  ot   Mines 

and  at  (College  Physicians  and  Suigeons.   Private  Aaaistant  to  Protecaor  Chandler. 

1887  to  date,  Inetmetor  and,  later,  Demonstiator  in  Phytice  and  Chemistry  at 

College  Physicians  and  Sorgeons.    Hon.  Fellow  in  Applied  Chemistiy,  School  <A 

Hinea.    Also  in  general  obemioal  praotioe  with  Proteasor  Chandler  (as  partner). 

Specialty,  chemical  and  other  expert  work,  including  medical  and  sanitary  qaes- 

tions,  «.  g.,  toxicology.      Also  as  patentexpert  in  chemical  and  physial  anbjecta. 

PzNGNET,  Charles  Paul,  C.  E., 1895. 

231  West  Forty-fifth  Street,  New  York  City,  N.  Y. 
PENNMOTON,  Joseph  Pope,  A.  M.  (Aseociate),       .         .     1868. 

Morristown,  N.  J. 
1881-63,  Aaustant  Engineer  E.T.  T.  AG.  R.  R.,  1883-84  Engineer  Tombstone 
Hill  and  Mining  Co.,  1865-93,  railroad  conatruetion  with  general  oontraotors- 
Avistant  Secretary,  Lonisville,  St.  Louis  and  Teiaa  Railway.  Resigned  August, 
1693.  Previous  reaponsibiHtics  as  actnaiy  in  connection  with  life  insaranoe  in- 
tareats. 
Perbiwe,  Geobqe,  C.  E., 1894. 

22  William  Street  and  716  Weat  End  Avenue,  New  York  City,  N.  Y. 
With  Chief  Engineer  Ro^d  Tmnait  Commission,  N.  Y.  City,  since  gndnatnig. 


70 

Pebkiks,  Thomas  Slade,  Ph.  B., 1888. 

Ninth  Street  and  Gowanus  Canal,  South  Brooklyn,  and  39  Garden 
Place,  Brooklyn,  S",  Y. 
1689  to  date.  New  York  Tartar  Company. 
Pierce,  Fbederick  Emeby,  C.  E.,  .         .         .  1892. 

Dapt.  of  City  Works,  Room  49  Municipal  Bldg.,  and  71  Columbia 
Height*,  Brooklyn,  N.  Y. 
1893,  Learnei  in  Bessemer  Hill,  Maryland  Steel  Co.,  Sparroir'B  Ft.,  Maryland. 
1893,  Diangbtaman,  New  Jeiee;  Steel  and  Iron  Co.,  Cooper,  Hewitt  &  Co.,  New 
York  City.  Trenton,  N.  J.  1895,  P.  R.  R.  Engineer  in  corps  oC  Principal  Assist- 
ant  Engineer  at  Jeiseiy  City.  189S-97,  Engineer-draughtaman,  Wallabont  Im- 
provement Dept.  of  City  Works,  Brooklyn. 

PiEZ,  Chahleb,  E.  M 1889. 

Chief  Engineer  Link  Belt  Engineering  Co.,  Kicetown,  and  3124 
North  Broad  St.,  Philadelphia,  Pa. 
1889-91,  Drattaman  with  the  L.  B.  E.  Co.    1H91-92,  Assistant  Chief  Engineer 
L.  B.  E.  Co.     SinOB  1892,  Chief  Engineerof  the  L.  B.  E.  Co.,  and  the  Dodge  Coal 
Storage  Company,  Philadelphia. 

PiNKHAM,  Hebbert,  C.  E., 1895- 

Offlce  Priu.  Aast.  Eng.  Pa,  R.  R.  Co.,  Jersey  City,  N.  J.,  and  176 
W.  Slat  Street,  New  York  City. 
1895  to  date,  in  Engineer  Corpa,  Principal  Assiatant  Engineer,  U.  R.  Bds.  ol 
N.  J.  Div.,  Penna.  R.  R. 

PiSTOH,  William,  E.  M., 1868. 

Architect,  No,  1  Madison  Avenue,  New  York  City. 

Pitkin,  Lucius,  A.  B.,  Ph.  B., 1881. 

138  Pearl  Street,  New  York  City. 
1881-85,  Chemist  to  Lanrel  Hill  Chemical  Works,  ot  Nichols  Chemical  Com- 
pany, heavy  chemicals,  espedally  snlphnrio  acid.  1885  to  date.  Analytical  and 
eonanlting  Chemist,  at  ahove  addreok  Specialty  in  oonsntting.  Hannhctnre  at 
adds  and  heavy  cLemioals,  treatment  ol  pyritea  and  copper  smelting.  Analytical 
work.  General  but  special  experience  in  aigentiferoaa  and  anriferona  oopperorea 
and  prodnota.    Mioioecopical  and  experimental  investigations. 

PoLLEDo,  Y8ii>080  Ygnacio,  E.  M.,        .  .         .     1885. 

Address  unknown. 
1865,  AssiBtant  Engineer,  Survey  for  Water-Worka  for  city  of  Santiago  de  Cnba. 
1886-89,  Aadstant  Engineer  and  PrindpsI  Asdstant  Engineer  in  charge  ol  tiaolf 
and  Btmotnrea,  C&rdenas  and  Jiicnro  U.  R.,  Cfirdenas.  1889-1890,  Manner  of 
Santa  Barbara  Sugar  Plantation,  Bar6.  1694-95,  General  Manager  C&rdenM 
Sngar  Beflniog,  C&rdenaa. 

POBTEE,  H.  HOBABT,  Jb.,  E.  M., 1886. 

Westinghouse  Electric  and  M%.  Co.,  120  Broadway,  New  York 
City,  and  Lawrence,  L.  I.,  N.  Y, 
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1386-87,  Fellow  in  Geolc^y,  School  ot  Minee,  Columbia  TJnlTenily.  18tn-88, 
Snrreyor  and  Assayer  Mexican  Ore  Company,  Siena  Mojada,  Mexico.  1S88-89, 
Aaaistant  Mining  Engineer,  Batopilas  Klining  Compaay,  BatopiUs,  Mexico. 
133&-90,  Surveyor  and  AMtayer,  Doqnnne  Mining  Co. ;  Assistant  Bnperintendent, 
Kay  &  Poorman  mine  examinations,  same  company;  AasiBtsnt  Saperintendent 
Sierrita  Connty,  Arizona,  nuue  company.  1S90-91,  Engineer  with  C.  W.  Hnnt 
Company.  1891  to  date,  WeBtinghtinBe  Electric  and  Mfg.  Co.  Member  ot  firm 
of  Sanderaon  &  Porter,  Engineers  and  Contractors. 

POBTEB,  John  Bonball,  E.  M.,  Ph.  D.,  ...     1882. 

Prof,  of  Mining  aud  Metl'gy.,  McGill  University,  Montreal, 
Canada. 
Anistant  Engineer  and  Expert  in  teeU  ol  metals  for  varions  railways  and  cor- 
porations. Leotnrer  ot  Mechanical  EngiueeriDg  and  Metallurgy  in  Univeieity  of 
Cincinnati  for  roiar.  years.  At  present,  and  for  several  years  past.  Engineer  Main- 
tenance of  Way,  C.  H.  &  D.  K.  R.  ^atem.  Headquarters,  Cincinnati,  0.  Chem- 
ical Engineer  Proctor-Gamble  Co.,  Ivorydale,  U. 

Post,  Abbam  Skiduobe,  C.  E., 1884. 

173  Madison  Avenue,  New  York  City. 

Potter,  William  Bleeckeb,  A.  B.,  E.  M.,    .  1869. 

Consulting  Mining  Engineer,  1225-1227  Spruce  St.,  St.  Louis,  Mo. 
Prolegeor  MetaUni^  and  Mineralogy,  Washington  University,  8t.  Lonis,  Mo., 
to  1893. 

Powell,  Frederick,  A.  B.,  E.  M.,        .  .         .     1883. 

Room  96  Kemble  Bldg.,  Whitehall  St.,  New  York  City. 
1883-84,  Mechanical  Draogbtsnian  and  Engineer.  1865,  Asaajer  at  Balutb, 
Examination  and  Reports  on  Mineral  Deposits  in  northeastern  Miuneeota  and 
Canada,  Assayer  and  Manager  tor  Sentinel  Gold  Mining  Co.  of  Minneapolis  and 
Colorado.  188S  to  1888,  Superintendent  and  Manager  in  Colorado  for  Denbigh 
Mining  Co.,  of  New  York.  1888-93,  MiBoellaueoua  Surveying.  1893,  Engineer 
for  Charlotte  Mineral  and  Mining  Co.,  Charlotte,  N.  C.  Examining  and  Report- 
ing on  Mines  in  North  Carolina.  Jane,  1894,  to  1896,  Mining  Engineer,  Char- 
lotte, N.  C. 

Powers,  Lewis  J.,  Jb.,  E.  M., 1884. 

Connecticut  River  Paper  Company,  Holyoke,  and  Springfield, 

Uass. 
188S,  Superintendent  Vermont  Construction  Company,  6t  Albans,  Vt.    1886, 
Saperintendent  Standard    Palp  Company,  Springfield,    Mass.     1887-88,    As- 
sistant Snperintendent  Union  Paper  Mannlacturing  Company,  Holyoke,  Mass. 
1886  to  date.  Agent  Connectdcnt  River  Paper  Company,  Holyoke,  Mass. 

Pbestom,  William  Evan,  C.  E., 1889. 

Foot  E.  Ninety-second  Street  and  980  Trinity  Avenue,  New  York 
City. 
1889  to  date,  submarine  blasting  and  dredging  tor  U.  8.  harbor  work  with  grap- 
ple, divers  and  oentritngal  pamp. 
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Prince,  John  L.,  E.  E., 1894. 

Edison  Elec.  111.  Co.,  of  New  York,  53  Duane  Street,  New 
York  City  and  868  Flatbush  Avenue,  Brooklyn,  N.  Y. 
Snmm^  of  1S94,  Electric  Ligbt  Btatioii  of  the  Flatbush  Gu  Co.,  Flatbwb, 
L.  I.  Fall  of  1B94,  with  tiie  General  Electric  Co.  iDstalling  plant  for  the  Bridgt- 
port  TiaotioD  Co.,  Bridgeport,  Conn.  Spring  4rf  1895,  in  the  Department  d  Pob- 
lic  Work*,  Brooklyn,  N.  Y.  October,  189S.  to  date,  Inspection  Depariment  of 
Oia  Edison  Electric  lUnmlDating  Co.,  or  N.  J. 

PB0S8ER,  Hebbun  A.,  E.  M., 1896. 

406  Stuyveeant  Avenue,  Brooklyn,  K,  Y. 
Sommer  of  1896,  Aadstant  Engineer  Northwestern  Mining  &  Exdiange  Co., 
Fa.     1S96--97,  Electrical  Engineering  oonrse  at  Columbia. 

Pbovost,  Andrew  Jackson,  Jr.,  C.  E.,  .         .         .     1889. 

municipal  Building,  and  401  Waehington  Avenue,  Brooklyn,  New 

York. 

1869  to  1894,  Awistant  Engineer  in   Beir^e  Conatrnction,  Department  Cil; 

Works,  Brooklyn,  N.  Y.    1894-96,  Engineer  in  charge  Sewerage  design,  Dept. 

City  Works,  Brooklyn,  New  York.    1896-97,  Secretary  Brooklyn  Engineen' 

Club,  Conenlting  Engineer,  Colnmbian  Colliery  Company. 

R. 

Randolph,  John  Cooper  F.,  A.  B.,  A.  M.,  E.  M.,  .     1869. 

Consulting  Mining  En^neer,  Kills  Building,  15  Broad  Street,  New 
York  City. 
Randolph,  James  Fitz,  B.  S.,  E.  M.,     .  .         .     1876. 

64  Madison  Avenue,  Morriatown,  N.  J. 
Ratuond,  Robert  Matthew,  A.  B.,  E.  M.,  .         .         .     1880. 

Kalgoorlie,  West  Australia. 
1880-82,  Asnstant  Aaeayer,  State  of  Maine  Aswy  Offloe,  Portland,  He.  ief&- 
86,  Assayer  and  Assistant  Snperintcndent,  Hoile  Gold  Mine,  S.  C.  1883-89, 
Sohoot  of  Mines.  1839-90,  AMyer  and  afiemaidB  Assistant  Superintendent, 
Montana  Smelting  Co.,  Great  Falls,  Mont.  1891,  Snperintendent,  The  Diamond 
Mining  Co, ,  Neibart,  Mont.  1894,  General  Manager  Harqna  Hala  Gold  Hioing 
Co.,  Harqna  Bala,  Ariz.  1896-97,  General  Manager  Harqua  Hala  Gold  Mining 
Co.,  Ltd.,  Arizona  and  West  Australia.  General  Manager  Brownbill  Proprietary 
Gold  Mines,  Ltd.,  and  Repreaentatire  Mines  Selection  Co.,  Ltd.  ' 
Ratnor,  Rcssell,  Ph.  B., 1889. 

Criminal  Court  Building,  and  114  E.  Forty-fifth  Street,  New  York 

City. 

Sept,  1889,  to  Ang.,  1891,  Chemist,  with  Martin  Kalbfleisoh  Sons  Co.    Sept., 

1891,  to  April,  1892,  Aasistant  Chemist,  Barber  Aspbalt  Co.    May,  1893,  to  dat«. 

Assistant  Chemist  New  York  Health  Dapartment. 

Reckhart,  Daniel  Wiluam,  E.  M.  (Life  Member),      .     1884. 

Prop.  Independent  Assay  Office,  Box  88  El  Paao,  Texas. 
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Keckhabt,  Geobqe  Fredebick,  C.  E.,  .         .  .     1892. 

Commonwealth  Mining  and  Milling  Co.,  F«arce,  Cochiee  County, 
Arizona. 
Member  of  "Southwestern  Mining  Anooiation."  ( Inoorponited  ).  Snrrcyor 
and  Anajer  for  Cia  Mineia  La  Aventorea,  Sabinal,  Eatndo  ^e  Chibnahna,  Mexico, 
cinoe  September,  1894.  From  Tehtruaj,  IB94,  to  Angnst,  1894,  was  on  Engineer- 
ing staff  of  Sonth  Shore  Eailraad  Co.,  Ltd.,  of  Nova  Sootia,  Canada.  1896, 
Hanagei,  The  FarncTS  &  Lewis  Co.,  Faohnca,  Estado  de  Hidalgo,  Mexioo.  Since 
September,  1896,  with  CommoD wealth  M.  and  M.  Co.,  Pearoe,  Arizona. 
Reed,  Stltanus  Albebt,  A.  B.,  A.  M.,  E.  M.  (Life 

Member), .         .     1877. 

Manager  Tarifi*  Aasociation  of  New  York  (Fire  Underwritere)  S2 
Nassau  Street,  New  York  City. 
1S78,  Secretary  to  AaaiBtant  Comminioner  Oeneial,  Paria  Ezpoeition.  1879, 
Lectnred  on  Chemistry.  Keported  on  Mines  in  Colorado.  1880-8t,  Saperintend- 
ent  and  part  Proprietor,  Sampling  and  Conoentrstion  Works  in  Colorado,  and 
Beported  on  Mines  there  and  in  Idaho  and  in  the  South.  1866,  ConHoIting  Piao- 
tioe  in  New  York,  Patent  Expert  work  and  on  Dredging  in  New  York  Harbor. 
1886-91,  Saperintendent  Inspection  Department  of  Fire  Insurance  Co.  (  Common- 
wealth (rf  New  Ywk  ].  18S3,  Expert  tor  New  Insoranoe  Eating,  Mercantile  Sec- 
tion of  Boston.  May,  1893,  appointed  Manager  Western  Factory  Inonrance  As- 
sooiation.  Special  Agent  Western  Department  ol  Continental  Inanranoe  Co. 
1894,  Manager  Tariff  Aaeo^tion  Fire  Underwriters,  New  York  City. 

Rees,  John  Kbom,  Ph.  D.,  A.  B.,  A.  M.,  E.  M.  (Liie 

Member) 1875. 

Profeaaor  of  Astronomy  and  IHrect«r  of  Obaerratory,  Columbia 
University,  and  1  West  Seventy -second  Street,  New  York  City. 
A.  M.,  1875.  E.  H.,  1876.  Anistant  in  Mathematics,  School  ta  Mines,  1873- 
76.  Profeaeor  of  Mathematics  and  Astronomy,  Washington  Unireisity,  St.  Lonio, 
Mo.,  1876-81,  Director  of  tbe  Observatory,  Columbia  Uuiveisity,  1881.  Instmotor 
In  GtoAeay  and  Practical  Astronomy,  Columbia  University,  1881-82.  ProfesKir 
<rf  Astronomy,  1893.  Chairman  Board  of  Editors,  School  op  HinesQuasteslt, 
1883-90.  Vice-President  New  York  Mathematical  Sooiet;,  1891.  Chairman  of 
section  on  Astronomy  and  Physics  i4  New  York  Academy  of  Sciences,  1891-93. 
Secretary  of  American  Metrolcgical  Sooiet;,  1883.  Fellow  of  Boyal  Astronomical 
Society  tA  London,  1893.  Member  of  the  Astronomishe  Gesitllsohaft,  1893.  Pres- 
ident of  New  York  Academy  ot  Sdences,  1894-95.  Chaimuu  Section  on  A» 
teonomy  and  Physics  of  N.  Y.  A.  8.,  1891-94.  Sec  Y.  Am.  Met  Soc,  1882. 
President  N.  Y.  A.  Sci.,  1894-97. 
Renault,  Geokge,  C.  E 1888. 

122  E.  Nineteenth  Street,  New  York  City. 
Bestbefo,  Camilo  Claudio,  E.  M.,  C.  E.,     .        .        .    1887. 

Medellin,  Kepublic  of  Colombia,  S.  A. 
Rhodes,  Francis  Bell  Fobstth,  £.  M.,        .         .        .     1874. 

National  S.  &  B.  Co.,  South  Chicago,  111.,  and  Quebec,  Canada. 
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Hfty,  1875,  to  Deoember,  18TS,  Snrv^itig  C(«ps,  Coxe  Bros.,  Diifton,  Pa. 
January,  1S77,  to  May,  1S78,  AauateDt  Snperinteiideat,  South  Araencaa  Hining 
Co.,  Teueznela.  November,  1878,  to  Jane,  1879,  Workiag  at  Lead  Mine,  Canada, 
October,  1879,  to  April,  1880,  Laborer,  Ontario  Mill,  Park  City,  Dtah.  AjhII, 
1680,  to  July,  1881,  ABBistaotSaperintendcnt,  Minge  Fninaoe  Co.,  Utah.  Aogost, 
1881,  to  Jannary,  1982,  Aseiitant  Superintendent  St.  Helena  Mine,  Sonora, 
Heiioo.  Jannaiy,  186S,  to  April,  1888,  AaeiBtant  Sapeiintendent,  Tombotone, 
If.  and  M.  Co.,  Arizona.  May,  1883,  to  Deoembei,  1883,  Saperintendent,  Bam- 
Hbam  Smelting  Furnace,  Idaho.  Jannaiy,  1884,  to  Hay,  1885,  Awetant  Superin- 
tondent,  Minge  Farnaoe  Co.,  Utah.  Jane,  1885,  to  Deoemlxr,  1885,  Foremao  ot 
Blaet-Fnrnace  Department,  Kansas  City  S.  and  S.  Co.  October,  1880,  to  Deoem- 
ber, 1S89,  Snperintendent,  Chicago  Works,  Chicago  and  Anrora  S.  and  R.  Co. 
Janouy,  1890,  to  date.  Superintendent  National  8.  and  R.  Co.,  Sonth  Chiosgo. 

Rhodes,  Robert  Dunn,  E.  M., 1879. 

Arkansas  Valley  Smelting  Works,  LeadviUe,  Colo.,  and  Box  726, 
Quebec,  Canada. 
1679-80,  Foreman,  Germania  Smelting  Co.,  Salt  Lake  City.  1860-82,  Night 
Fofeman,  Ontario  Silver  Mining  Co. ,  Park  Oily,  Utah.  1882^-83,  Superintendent, 
Tombstone,  M.  and  M.  Co.  Kednction  Works,  Charleston.  1883-84,  Mill  F«e- 
Duu,  St.  Helena  Gold  and  Silver  Mine,  Sonora.  1884-85,  Asustant  Sapeiin- 
tendent, Billing  Smelter,  New  Mexico.  1865-86,  Aaustant  SnperintendeDt, 
Viola  M.  and  S.  Co.,  Idaho.  1887-88,  Asialant  Sapftrintendent,  Anglo-Mexican 
Mining  Ca,  Yedras,  Mexico.  1689-91,  Geneial  8aperint«ndent,  Dnqneane  M. 
and  R.  Co.,  and  Sierrlta  Conoty,  Arizona.  1891-92,  Engineer,  Fiazer  and  Chal- 
men.  City  ot  Mexico.    189S-94,  Sopt.  as  above. 

Rice,  George  Samuel,  Jr.,  E.  M.,         .         .         .        .     1887. 
119  8.  Market  Street,  and  482  N.  Court  Street,  Ottumwa,  Iowa. 
1887,  Awistsnt  Field  Engineer,  Colorado  &  Utah  Kailway.     1888-89,  AHsistant 
Hining  Engineer  ol  Colorado  PdbI  Co.     1890  to  dat«,  Mining  Engineer  itf  White- 
brcaat  Fuel  Co. 

Rich,  Jacob  Monroe,  E.  M.,  C.  E.  (Life  Member),         .     1883. 
50  W.  Thirty-eighth  Street,  New  York  City. 
Poianiug  further  studies  sinoe  graduation. 

Richardson,  John  Clarence,  E.  M.,  C.  E 1883 

Address  unknown. 
RiCKfTTS,  Pierre  de  Petster,  E.  M.,  Ph.  D.,  .    1871. 

Professor,  Analytical  Cherolatry,  Columbia  Univei^ty  School  of 
Mines,  and  US  E.  Seventy-ninth  Street,  Sew  York  aty. 
1668,  AMistant^  General  Chemistry,  Colnmbia  University.  1871-7S,  AwistaDt 
in  Mineralogy  and  Metallurgy,  School  of  Mines.  1872-75,  Assistant  in  Aasaying, 
School  of  Mines.  1875-66,  Inatruotor  in  Assaying,  School  of  Mines.  1886  to 
date,  Professor  of  Assaying,  School  of  Mines.  Since  graduation  also  engaged 
in  general  Metal Itirgiml,  Chemical  and  Mining  Engineering  work. 

IbDBDALE,  Thomas  Weddle,  E.  M.,      ....     1883. 
Bidsdale  &  Lewis,  39-41  Cortlandt  Sti-eet,  New  York  aty. 
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Anistsnt  8ap«r{titendeat  <^  the  Rnby  Datuigo  Mine,  uid  Wildec-Haodonald 
CoUGentnting  Mill  to  IB84.  Snpcnntendent  of  Hie  Wilder-Maodonald  Hill, 
1884.  From  1888  wiUt  the  Wortiungton  PniDpiDg  Eogine  Co.  From  Jnne,  188S, 
«•  SecTetai7  of  the  Compao  j. 

RiEs,  Heimbjch,  Ph.  B.,  A.  M.,  Ph.  D.,  ...     1892. 

Assistaat  in  Mineralogy,  School  of  Mines,  Columbia  UoiverBity, 
and  28  W.  128th  Street,  New  York  City. 
Sammer  of  1891  ttnd  1B92,  on  New  York  Geological  goney.  October  1892,  to 
Angnat  1,  1B93,  A  watant  Director,  New  York  Sdentlfio  Exhibit,  at  World's  Fair. 
Jalj  1,  1893,  to  July  1,  1895,  Fellow  in  Mineralogy,  Colambia  Univendty.  Aest. 
Geologist,  N.  Y.  Geol.  Bnrrey,  mimnier  of  1896.  Leotnrer  in  New  York  City 
Fablio  Schools,  1896-1897.  Jndge  of  Clays,  Cotton  States  and  International  Ex- 
position, October,  1B96.  Clay  Specialist,  U.  B.  Geological  Sarvey,  1895  to  date. 
In  oonneetiou  with  this  woik  am  engaged  in  a  atady  of  the  clays  of  the  various 
states. 

RODENBUEG,  Chab.,  C.  E., 1896. 

428  W.  Forty-fourth  Street,  New  York  City. 
Snmma  1896,  Asrt.  at  Bammer  School  <rf  Geodesy,  Coluntbia  UairerHl^. 

ROBSEB,  Fhbderick,  B.  S.,  E.  M.,         .        .        .         .     1884. 

240  Weet  130th  Street,  New  York  City. 
£oGEB8,  Oscar  Leoare,  Ph.  B.  (Arch.),        .         .  1889. 

125  W.  Eighty-fifth  Street,  New  York  City. 
1889-93,  in  Europe.    1893,  Architect.    1694,  in  Europe. 
RoLKEK,  Charles  M.,  E.  M.  (Life  Member),  .         .     1875. 

6  Drapers  Court,  London,  E,  C,  England, 
1868-70,  at  Koyat  School  of  Mines,  Clansthal,  Germany.  1871-72,  Working 
practically  in  Iron  Mines  of  Hibernia  and  Mt.  Plea^t,  N.  J.,  Wisconsin  Lead 
Mines  and  Iron  Mines  of  Lake  Superiot.  1873-75,  at  School  of  Mines,  Columbia 
CoU^e.  1876,  Assayer  at  Allonez  Copper-dmaing  Works,  Lake  Superior.  1877, 
Mining  Engineer  to  the  Maripoao  Land  and  Mining  Co.,  MaripoeoCo.,  Gal. 
<Gold).  :878,  Superintendent,  Brooklyn  Company,  Washoe  Co.,  Nevada  (Base 
Metal).  1S79,  Superintendent,  Stormont  Bilver  Co.,  Silver  Reef  (Silver). 
1880-82,  General  Manager,  Cbrymlite  S.  Mfg.  Co.,  Leadville,  Colo.  (Lead  Car- 
bonates). Since  then  t^date.  In  General  Consulting  Practice  as  Mining  Engineer 
and  Metallnrgist,  Examining  Mines,  Mills  and  Plaoers  in  the  United  States,  Old 
Mexico,  Cential  America,  South  America  and  East  Indies.  Specialty,  Precious 
and  Base  Metala  other  than  Iron.  1891-93,  Cona.  Engr.  to  the  British  Sonth 
African  Company  in  its  aphere  south  of  Zambesi.  1894,  Practicing,  Consulting 
Mining  Engineer.    1895-96,  Manager  Mining  and  Finaoraal  Trust  Sjnd.,  London. 

Rosenthal,  Albert,  C.  E 1892. 

158  East  Seventy-ninth  Street,  New  York  City. 
Rowland,  Charles  Bradley,  C.  £.,     .  .         .     1884. 

Continental  Iron  Works,  Greenpoint,  Brooklyn,  N.  Y.,  nnd  329 
Madison  Avenue,  New  York  City. 
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BowLAHD,  Gboeqe,  C.  E., 1887. 

Contiaental  Iron  Works,  Greenpoiut,  Brooklyn,  N.  Y.,  and  329 
HadiBon  Avenue,  New  York  City. 

Rdpp,  Philip,  Ph.  B.,  M.  D 1884. 

334  East  17th  Street,  New  York  City. 
1864-87,  Stadent  of  Hedidne,  Coll^^  ot  PhyDdaiw  and  SnrgMDB,  N.  T. 
1887-88,  HoDH  PbTridan  and  Hoose  BoiKeoD,  St  Fnuids  H<»pit»l,  N.  Y.    1688 
to  date,  Pnotioing  Phjaioiui. 

Rdthebfosd,  F.  M.,  E.  M. 1879. 

46  Eaat  64th  Street,  New  York  City,  N.  Y. 
EnglDeer  M.  o!  W.   R.  and  D.  R.  R.  tilt  1894.     1B96  to  date  Sd  Depnty  Snpt. 
Dept.  of  Buildings,  New  Yivlt  City. 

BuTTMANN,  Ferdinand,  Jr.,  E.  M.,       ....    1880. 

85  Broadway,  New  York  City. 
Rton,  Augustus  Meadeb,  E.  M 1886. 

E.  13  Produce  Exchange,  New  York  City. 
1886-87,  AMJBtant  Engineer  on  New  London  Water  Works.  AKstant  in 
Uetallnigy.  School  of  Uines,  Colnmhia  Univertitj.  ISS7-88,  Avictant  to  F.  N. 
Owen,  Civil  and  Sanitary  Engineer,  New  York  City.  18^8-91,  PnrfMBOi  of  En- 
gineering and  Mining,  Rohooi  of  Mines,  College  of  Montana,  Deer  Lodge,  Uont 
189S  to  1895,  Fremdent  and  Profoaor  of  Engineering,  Montana  College  of  Agri- 
onltaral  and  Hecbanioal  Arts,  Bozetnan,  Montana.  1894,  Irrigation  Engineeiii^ 
tor  Agricnltnral  Experiment  Station.  1895,  Prof,  of  Engineering,  College  id  Agr. 
and  Ueob.  Arti,  Bozeman,  Montana. 

8. 
Saqe,  Edwabd  Eugene,  C.  E.  (LUe  Member),       .        .     1877. 
United  States  Aseay  Office,  SO  Wall  Street,  New  York  Cnty,  and 
77  Hillside  Avenue,  Orange,  N.  J. 
1  have  been  oonneoted  witb  thia  office  slnee  Febmary,   1879,  and  have  eonee- 
qnently  no  ontside  experience  ezoept  in  ettotrioity,  being  President  of  the  Enez 
County  Electric  Co.,  of  Orange,  N.  J.,  and  In  Analytical  Cbenistiy. 

SAND6,  Ferdinand,  A.  B.,  Ph.  B 1882. 

Drugs  and  Assaying  Supplies,  Box  1172,  Butte,  Mont. 
SCHGRHERHORN,  FREDERICK  AUGUSTCS,  E.  M.  (Life 

Member) 1868. 

41  Liberty  Street,  and  61  University  Place,  New  York  City. 
ScmBFFEUN,  William  Jat,  Ph.  B.,  Ph.  D.  (Munich).  .    1887. 
SchiefTelin  &  Co.,  170  William  Street,  and  3S  West  Fifty-seventh 
Street,  New  York  City. 
ScHNBiDEB,  Albert  Francis,  E.  M.,  C.  E.  (Life 

Member) 1876. 

Perth  Amboy,  N.  J. 
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1876-77,  In  EoTc^ie  risiting  Smelting  and  Dreanng  Works.  1878,  CbemiBt 
ADd  AfM^ei  OernuDia  B.  and  B.  Co.,  Salt  Lake  City,  Utah.  1879,  Foremju), 
AiMiBtant  and  Snpeiiiiteadeat  Oemuaia  S.  and  R.  Co.,  Bait  iJike  CUj.  188(X-'83, 
SnpMintendcoit  GenDania  B.  and  B.  Co.,  Salt  Lak«  Cit;,  Utah.  lB83-'85,  Bnper- 
inteDdent  G.  BUUng  Smelting  Wrafca,  Sooono,  N.  U.  1665-67,  SaperiDtendetit 
KanMB  City  B.  and  B.  Co.,  AigMitine,  Kanaao.  18S7,  Conneoted  vith  the  Rio 
Grande  S.  Co.,  Booono,  N.  U.  1S87  to  1893,  Geneial  Uanager  Bt.  Lonia  B.  and 
B.  Co.,  St.  Lonia,  Uo.  Soperlntendent  Great  National  Smelting  Co.,  Monter^, 
Uexioo,  1896. 

SCHBOEDER,  J.  LaNGDON,  C.  E., 1889. 

Member  of  the  firm  of  Parrish  &  Schroeder,  Architects,  1  Madlaou 
Avenue,  and  60  Weet  llth  Street,  New  York  City. 

July,  ]  890,  to  Jannary,  1894,  with  Benwid:,  Aapenwall  A  Renwit^,  New  York 
Ci^,  Arahiteottual  Dnnghlanian. 

SCHSOTES,  Ge»sg&  Ausntir,  E,  M.,         ....     1893. 
Box  877,  Denver,  Colo. 
Snperintendent  Keystone  and  Manager  Logan  Gronp  Mines,  Colorado.     Chem- 
ist Denver  White  Lead  Works,  Fehruary-Angniit,  1694.     Bnpt.  of  Bioo  Smelting 
and  Bef.  Co.,  Kioo,  Colorado,  June,  '93,  to  Deoember,  '95. 

Schumann,  Chabi^s  Henbt,  C.  E.,        .         .         .        .     1888. 

Small  &  Schnmann,  265  Broadway,  and  21  East  99th  Street,  New 

York  City. 

1888,  May,  1890,  Aniatant  Engineer  Chesapeake  and  Ohio  Bailway  Co.,  Ga- 

oinnati,  ohaige  o(  Beal  Estate,  Bight  of  Way  and  Traok  and  Conetmotion  work. 

Hay  to  Angnst,  1890,  Asustant  Engineer  to  E.  Alber,  C.  E.,  Birmingham,  Ala., 

Genial  Engineering.    Angnst,  1890,  to  Harob,  1891,  Assistant  Engineer  Cheaa- 

peake  and  Ohio  B^lway  Co.,   aharge  of  anbdivision  of  Town  of  West  Clifton 

Forgc^  Va.,  and  Bight  of  Way  on  line  of  road.     1892-9%   Aasistant  Engineer 

Long  Island  R.  B.,  and  Engineer  tor  Ferris  A  Bichatds,  Contnotois  for  Baiiroads 

and  Waterworks,  at  96  Hodson  street,  Jeney  aty,  N.  J.    1693-94,  with  James 

B.  Croee,  C.   E.,  Waterwtffks  Snpplyand  Sewerage,  18M.      Private  practice  as 

Small  &  Sohamann,  Arohiteota  and  Civii  Engineers. 

Seable,  Chabi.es  D.,  C.  E., 1896. 

32  West  126th  Street,  New  York  City. 

Seugman,  Jobeph  Gut,  E.  M., 1887. 

Mining  Superintendent,  akd  506  W.  143d  Street,  New  York  Oty. 

Seldneb,  Bddolfh,  Ph.  B., 1894. 

Adelphi  College  and  217  Jefieraon  Avenue,  Brooklyn,  N.  Y. 
Instmotor  in  Bdenoe  Adelphi  Academy,  1694  to  date. 

Self,  E.  D.,  E.  M 1894. 

Box  560,  JohanneBburg,  South  Africa  and  South  Orange,  N.  J. 
Beoeived  degree  of  Mechanical  Engineer  at  the  Stevens  Institute  of  Technology 
in  1886.    Engiged  in  engineering  and  oonstruotion  wmk.    Dealgnir^  and  pnr- 
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obMing  maobinm?  for  large  mills  in  AnatraliB  »nd  Uezioo.  Report  on  tnuwnis- 
uoa  of  power  projoot  Cor  mining  plAnt  in  Hexioo.  Examinatiim  ot  mines  in 
Booth  America.  HaperinteadeDl  of  mine  in  Onyana.  BoaUi  Amerioa.  BcMiTCd 
degree  <rf  Engineer  of  Hiuea  from  Columbia  College  in  1894.  InBtmotor  in  Hin- 
ing  at  lake  SnperioT  for  olaai  in  praotical  mining.  Snpt.  Mid  HuMger  of  the 
Bonoia  Copper  Co.,  fionoia,  Hexioo.  Reoeived  patent  for  sjatem  of  ore  ooneen- 
trstion.  Consulting  MeohaDieal  and  Mining  Engineer  on  de^  level  work,  t«  an 
EngliBh  InreMmeDt  Co.,  and  to  Beveial  miniiif;  companies. 

Seward,  Johk,  E.  M 1895. 

97  Cedar  St.,  New  York  City,  and  416  Main  Street,  Orange,  N.  J. 
Share,  William  Waldemah,  Ph.  B.,  Ph.  D.,        .  1881. 

Adelpbi  College,  and  331  McDonough  Street,  Brooklyn,  N.  Y. 
1881,  Bnperintendent  Colambia  Chemical  Worts,  Bnxdilyn,  N.  Y.    1681-86, 
Anistant  Physics,  Colombia  College.    1888,  Consnlting  Eleotrioian,  Deputment 
ot  Public  Parks,  Brooklyn,  N.  Y.     1889  to  dat«.  Professor  ot  Chemistry,  Addplii  - 
Academy,  Brooklyn,  N.  Y. 

Shattdck,  L.  R.,  B.  S.,  C.  E. 1895. 

138  Eighth  Avenue,  Brooklyn,  N.  Y. 
1895,  Draoghting  and  Field  work  with  the  TUoiapo  Water  Co.    1896,  Engioeer 
InqiectoT  in  the  Dept.  ot  Pohlio  Works,  ot  New  York  a^. 

Sherman,  Frjlsk  Dehi^ter,  Ph.  B.,      .  1884. 

Ailjunct   Profeiwor  of  Architecture,  Bchool   of  Minee,   Columbift 

University,  New  York  City,  312  South  Broadway,  Yonkcrs,  N.  Y. 

Shhiver,  Henbt  Tower,  Ph.  B., 1888. 

T.  Shriver  &  Co.,  333  E.  Fifty-sirth  Street,  and  686  Park  Avenue, 
New  York  City. 
In  Iron  Foondry  and  Works,  as  above,  since  graduation. 
StMONDS,  Francis  Mat,  E.  M.,  Ph.  D.,  ...     1887. 

147  E.  Thirty-fourth  Street,  New  York  City. 

Singer,  George,  Jr.,  E.  M 1880. 

Ill  Fourth  Avenue,  Pittsburg,  Pa, 

Singer,  George  Harton,  E.  M., 1880. 

singer,  Kimirk  A  Co.,  and  17  Park  Street,  Allegheny,  Pa. 
Skinner,  Elmer,  C.  E., 1891. 

227  Cumberland  Street,  Brooklyn,  K.  Y. 
Slack.  Charles  Goddar,  E.  M., 1884. 

328  Fourth  Street,  Marietta,  Ohio. 
Slade,  Richmond  Edward,  Ph.  B.,       .         .         .         .     1887. 

White  Plains,  N.  Y. 
1887,  Assistant  Soperintendent  United  Gas  Improvement  Co.,  Tonkeie,  N.  Y., 
Plants.     IBSe,   Superintendent  Gas   Department,  Ashville   [  N.  C.  )   Light  and 
Power  Co.     1886,  Superintendent  Gaa  and   Electrlo  Plants,  Citizens'   Oas  IJgbt 
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Co.,  JaokHon,  Tenn.  December,  1889,  to  date,  Seoretnij,  Superintendent  and 
Trustee  Citizens'  Gas  and  Eleotrio  Co.,  White  Plaini,  N.  Y.  ]89«,  Secretory  and 
Sapeiiotendent  and  Trostee  Citizens'  Qaa  aod  Eleotrio  Co.,  Smretary  and  Dirao- 
tor  N.  Y.  Elmsford  and  White  PlaioH  R;.  Co.,  and  Haoager  Consolidated  Oaa 
and  Eleotrio  Light  Co.,  of  Westcheater  Coantj,  Port  Cheater,  N.  Y. 

Smith,  Auqubtds,  A.  B.,  C.  E., 1889. 

39  Cortland  St.,  and  460  W.  Forty-fourth  St.,  New  York  City. 
Snmmer  ot  1886,  Land  Surveying  ( in  charge  of  Part; ).  Jnly  to  November, 
1889.  DianKhtamaa,  Link  Belt  £nf;iii^i''>i8  Co.,  Nicetown,  Pbila.  Novembco', 
1889-91,  Chief  Dranghtaman,  New  York  Office  Link  Belt  Engineering  Co,  1891- 
92,  out  ot  professional  work.  1882,  KaleBman  and  Engineei  as  above.  1893  to 
date,  prirate  piactioe  as  Engineer  and  Contiaetor. 

SxTTH,  Frank  Marshall,  E.  M., 1889. 

Supt.  United  Smelting  and  Keflning  Co.,  Smeller,  Cascade  Co., 
Mont. 
1889-90,  on  the  United  Stat«B  Geological  Sorvey,  engaged  in  hjdrogmpbio 
TCork  on  the  Irrigation  Snrvey  and  triangnlation  of  the  Topographic  Snrve;,  in 
Idaho  and  Or^on.  1891,  A^yer  Colorado  Smelting  Co.,Pneb1o,Colo.  Ootobs, 
1893-93,  AsBiatant  Sapennteudent.  1893  to  date,  8upt  United  Smelting  and 
Befining  Ca,  Smelter,  Mont. 

Smith,  Fkancis  Pitt,  Ph.  B 1888. 

77  Woodlawn  Avenue,  New  Rochelle,  N.  Y. 
Analytical  Chemist  in  Leather  tiade,  1888-89.  Superintendent  Chemical 
Works,  Wm.  H.  Swift  &  Co.,  Ea»t  Boston,  Maae.,  1889-90.  Consnlting  Chemist, 
Dening  &  Logan,  SB  William  Street,  1890.  Assistant  Chemist  New  York  aty 
Health  Department,  42  Bleecker  Street,  1890-93.  Specialty,  Chemical  Mechanice. 
1892-93,  Inspection  Brooklyn  Navy  Yard.  1806  with  Harrison  Bros.  &  Co, 
Phila.,  Pa. 

Smtth,  Lenox,  A.  B.,  A.  M.,  E.  M.  (Life  Member),         .     1868. 

120  Broadway,  New  York  City. 
Smith,  "Wilson  Fitch,  C.  E., 1894. 

36  West  36th  Street,  New  York  City. 
Jnne  to  Oct.,  1894,  Assistant  InBtrnctorSnmmer   School   of  Surveying,  Sohool 
of  Mines,  Colambia  University.      Oct.,  1894-9S,  Engineering  Department,  New 
Ywh  Central  A  llndson  River  B.  R.,  as  Rodman  and  Assistant  Engineer  at  piea- 
ent  with  K.  W.  HUdreth  ACo.,  Civil  Eogineers. 

Smith,  William  Allen,  E.  M., 1868. 

52  Wall  Street,  and  102  East  Fifty-seventh  Street,  New  York  City. 
Smtth,  Cbable6  Henry,  Jr.,  Ph.  B.,  Ph.  D.,         .        .     1888. 

Professor  of  Geology,  Hamilton  College,  Clinton,  New  York. 

1888-89,  Chemist  Franklin  Iron  Mfg.  Co.      1889-90,  Geological  Field  Work   in 

New  York,  Alabama,  Geoi^ia,  and  Tenneeeee.     June,    1890,   received  Degree  irf 

Doctor  irf  Philosophy  from  Columbia  University.     1869-91,   studied   Petrogaphy 

and  Mineralogy  witb  Prof.  fiosenbaBch  at  the   Univeraity   ot  Heidelberg.     1891, 
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appointed  ProtesBoc  of  Geology  in  Hamilton  CoIleKe.  Engaged  in  tbe  stnd  j  of 
the  Westeni  Adirondack  region,  and  tLe  investigations  of  proljlemi  in  oentaal 
New  York.  Chieflj  in  Pebogmpblo,  Chemioal  and  Glacial  Ocology.  AeM.  on 
N.  Y.  Geol.  BniT^,  1893-95.  FrofeMor  of  Geology  and  Mlneialogy.  Interested 
ohie&jr  in  Petrogmphio  and  Chemioal  Geology,  and  in  Hinenlogy. 

Snook,  Thomas  Edwabd,  E.  M., 1884. 

Architect,  261  Broadway,  New  York  City. 
1884-87,  Snpt.  Cont.  for  John  B.  Bnook,  A^)hitec^    1887  to  date,  Member  of 
the  firm  of  and  Chief  Engineer  for  John  B.  Snook  &  Son,  Ardiitecta. 

SoUTHAHD,  Georob  Caehou:^  C.  E.,     ".         .         .         .     1892. 

66   Beaver  Btreet,  New  York    City,  and   111  Mootague  Street, 

Brooklyn,  N.  Y. 

Jane,  1893,  to  Maioh,  1893,  Eqnity  Gas-Works  Constraotion  Co.,  Brooklyn, 

E.  D.    Maroh,  1893,  to  January,  1894,  with  Heine  Safety  Boiler  Co.    Jannary, 

1894-95,  with  Heoker-Joooi-Jewell-UilliagOo.     From  Aug.,  1R93,  Ut  date,  with 

SoDttaem  Pine  Co.,  of  Ga. 

Spoomeb,  Allbt  Nawhall,  C.  B.,  .        .         .  1886. 

Department  of  Docks,  Pier  A,  North  River,  New  York  City,  and 

186  Carteret  Avenue,  Jersey  City,  N.  J. 

July,  1886,  to  An^nst,  1S87,  Bodman  and  Diaoghtemaii,  Penn.  R.  B.,  Jetaey 

City.    Angoat,  1887,  to  Hay,  1890,  Hydrogtapher  Department  Docks,  New  York 

City,    Uay,  1890-91,  to  present  l^me,  AaaiBtaDt  Engineer  Department  Docks, 

New  York  City.    Bpeoialty,  Sailroad  Engineering,  River,  Sabmarine  and  Harbor 

Engineering. 

Staston,  Fbank  McMillan,  E.  M.,       .        .         .         .     1887. 
Superintendent  Atlantic  Mine,  Houghton  Co.,  Mich. 
1887-88,  Snperlntendent  j>nf  tem.  Central  Mine,  Mich.    1888-81,  Engineer  At- 
laatao  Mine,  Micfa.     1889  to  date,  finperintendent  Atlantic  Uine,  Mich. 

Stabek,  Emil,  LL.  B.,  LL.  M.,  E.  M 1895. 

Keller  &  Starek,  Patents,  703  Commercial  Building,  and  4204  A, 
Cook  Avenue,  St.  Louis,  Mo. 
1885-87,  Aniatant  in  United  Statea  Geologioal  Survey.    1867-92,  AaaJataat  Ex- 
aminer United  Statea  Patent  Offloe,  Washington,  D.  C. 

Stake,  Chandleb  Dannat,  C.  E.,  ....     1881. 

Andreas  unkaowu. 
Staunton,  WimAM  Field,  E.  M 1882. 

Superintendeat  of  the  Congresa  Gold  Co.,  Congress,  Ariz. 
1883,  Anayer  and  ABsislant  Snperintendent  Vermont  Copper  Co.,  Ely,  Tt. 
1883,  Asaayer  and  Aooonntant  Dnnn  Ut.  Gold  Mine,  Sallabniy,  K.  C.  1383,  Aa- 
■ayer  Ledonx  A  Rioketta,  N.  Y.  1883,  Constmotjag  Engineer,  C.  M.  and  B.  Co., 
N.  Y.  1883,  A«datant  to  Manager  of  Mills  and  Smelting  of  T.  H.  and  H.  Co., 
Tombatone,  Arizona.  1884,  Conanlting  Engineer,  N.  Y.  1884,  Mining  EnginMr 
for  T.  M.  &  M.  Co.,  Tombstone,  Aricona.    1890  to  date,  Snperlntendent  Tomb- 
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stoDc  Uill  oud  ULning  Co.,  Tomtetone,  Aiiz.,  and  1891,  SnperlotendADt  Congren 
Gold  Co.,  CoDgreas,  Aric.    Speoialt;,  Gold  and  SiWer  Uibing  Aud  Uetollnrgy. 

Steaknb,  Thohab  Beai^  E.  M., 1881. 

1720  California  Street,  Denver,  Colo. 

Stewabt,  John  Henbt,  C.  E., 1896. 

Dept.  of  Fublio  Worka,  160  Nassau  Street,  aad  123  West  Eleventh 
Street,  New  York  City. 

Stone,  Geobge  Camebon,  Ph.  B.,  Ph.  D.,      .         .         .     1879. 
New  Jersey  ZIdc  and  Iron  Company,  Newark,  N.  J. 

1679,  ChtaaM,  Bootb  &  Edgar  Sugar  BefiiiNy.  1879-83,  Chcmiet  with  Potter 
A  lOggf,  St.  LoDia,  Mo.  1882-91,  with  New  Jenej  Zinc  and  Iron  Company, 
Newark,  N.  J.,  flrat  aa  Chemist;  sinoe  1S84,  as  Superintendent  Blaat-FDnuuMS. 
May,  1894,  to  date,  Superintendent  at  Qompaoj. 

STHCTHEB8,  JoSEPH,  Ph.  B.,  Ph.  D.,         .  .  .  .      1885. 

Tntor  ia  Metallurgy,  Columbia  College  School  of  Mines,  and  624 
East  One  Hundred  and  Thirty-sixth  Street,  New  York  City. 

1835-88,  Fellow  in  Mineralogy.  1888-90,  Ajsistant  in  Mineralogy  and  Hetal- 
Inrgy.  1891  to  date,  Tntor  in  Metallurgy  Columbia  UDiversity,  School  of  Mince. 
1893-94,  Delivered  the  lectures  in  Metallurgy  at  the  Sohool  of  Mines,  in  place  ot 
Dr.  Egleaton,  who  was  absent  on  aooooiit  o[  sickness.  Snmmer  of  1894  spent  in 
Europe  in  the  atady  (tf  metallurgioal  works  and  prooestes.  1894-95,  Special  work 
upon  pyrometeia  and  oalorimeteis.  Spring,  1896,  Delivered  the  lectnies  in 
Metallurgy  at  the  Sohool  of  Mines,  in  place  of  Dr.  Egleaton.  SnmmeT  ot  189C,  in 
charge  of  the  Snmmer  School  in  Practical  Metallurgy  at  Butte,  Mont.,  and  de- 
voted three  months  to  a  metallurgical  trip  throngbout  the  western  United  States 
and  Britiah  Columbia,  visiting  more  tbau  forty  establishments.  Jan.  1,  1S97,  in 
-charge  ot  the  lectures  in  Metatlargy  at  the  Sohool  of  Mines,  in  the  absence  ot  Dr. 
Sgleston,  leaigoed.  Specialty,  the  measiiremente  of  high  temperatures  and  the 
physical  properties  ot  slags. 

.Stcabt,  "William  Henbt,  C.  E 1886. 

Address  unknown. 
1S8A,  on  Kailway  Surveys  in  Minnesota  and  Wiaccnain  with  C.  B.  &  N.  R.  R. 
Co.  1887-89,  Fellow  in  Engineering  and  Aaalatant  in  Snmmer  School  ofSnrvt^- 
ing,  School  ot  Mines,  Columbia  Univeraity.  1889-90,  making  snrveys  and  snper* 
intending  oouHtraotion  at  the  HndHon  River  State  Hospital,  Poughkeepeie,  N.  J. 
1800,  on  surveys  in  the  West  Indies.     1893,  in  general  practice. 

.SuTER,  Geobge  Augustus,  E.  M.,  ....     1888. 

O.  A.  Sutor  &  Co.,  Engineers  and  Contractors,  112-114  Wooater 
Street,  New  York  City,  and  78  Locust  Ave.,  New  Eochelle, 
N.  Y. 
1384-92,  Engineer,  Baker,  Smith  &  Co.    1893-97,  with  0.  A.  Snter  &  Co. 

iSwAiH,  Alfbbd  Ebnest,  E.  M., 1881. 

Supt.     Trinidad    Mlniug    Co.,   Copala  (via    Mozatlan,   Sinaloa, 
Mexico),  and  902  Prospect  Street,  Cleveland,  O. 


1881-81,  nilroad  wgrk  in  Mexico.  1885-88,  Citj  Engineer's  DepMtmait, 
Kanms  Gty,  Mo  ,  Id  oharRe  of  sewer  wcwk.  1889-91,  mining  work  in  Meiito. 
1891,  Sopt.  San  Enenaventnta  Mining  Cmnpany,  Santa  Lncia,  Sinalnt,  Mexioo, 
■ris  MazatlsD  and  Pana.    1891-93,  Supt.  Trinidad  Mining  Co. 

T. 

Taintor,  William  Notes,  Ph.  B.,         .        .         ,         .    1894. 
Care  Division  En^neer  N.  Y.  State  Canals,  Syracuse,  and  60 
West  Forty-eighth  Street,  New  York  City. 
Angnst,  1894,  to  September,  1894,  Levelman,  Metropolitan  Tnwtion  Co.    Sep- 
tember, 1884,  to  date,  TnoMtmon,  Bamapo  Water  Co. 

Tatlob,  Joseph  B.,  E.  M., 1888. 

66  and  58  Pine  Street,  New  York  Oty,  and  404  Seneca  Street, 

Brooklyn,  N.  Y. 

Jnne-Sept.,  1894,  Rodman,  Lexington  Atc.  Cable  Road.    Sept..  1894,  to  Feb., 

1895,  Topt^iaphic  Snrvays,  Ramapo  Water  Compaiij.    Feb.-M«y,  1895.  (Stj 

Bnrveying,  New  York.   .Tnly-Oot.,  1895,  AariBfant,  Summer  School  iaSnrveying, 

Colombia  University.     Man*,  1896,  to  date,  Leveler,  N.  Y.  Stale  Canala 

Temple,  Seth  Justice,  Ph.  B., 1892. 

Address  unknown. 
Inrtniotoc  in  Arofaitwtiiral  Drawing  Art  Schooli  ol  tbe  Metropolitan  HDMam 
ol  Art,  Filth  Ave.  and  Tbirty-Seoond  Street,  New  York  City. 

Tbrhone,  Richard  Henky,  E.  M.,  .  .  .  .  1870. 
64  Sixth  South  Street,  Salt  Lake  City,  Utah. 
1870,  Aseiatont  to  late  J.  W.  Foster,  geology  of  coal  fields,  lodiana.  1871, 
Griswold  Bteel  Works,  diangbting,  blowing  steel,  etc  1873-77,  JoUet  Steel 
Company,  dranghting,  inspecting  steel  rails  and  exploration  of  CUlanay  Coanty, 
MisBonri,  for  coal  and  iron.  1877-80,  Snperintendent  and  Anistant  Saperin- 
tendent  Smelting  Works  in  Dtah.  1B80-B3,  General  Superintendent  Hansaer 
Smelting  Works,  Utah.  Specialty,  constmotion  and  operation  <rf  lead  smelting 
works.  Reigned  above  position  September,  1893.  1804,  Examining  and  Report- 
ing on  Mines  and  Works.  October,  1896,  reelected  to  the  position  ol  Chief  Engi- 
neer and  General  SaperintAndent  of  the  Hananer  Smelting  Works,  Utah. 

Thacher,  Akthdh,  C.  E.,  E.  M., 1877. 

President  and  General  Manager  Central  Lead  Company,  410» 
Washington  Avenue,  St.  Louis,  Mo, 
1878-79,  with  Progreao  Mining  Company,  Trimto,  Lower  California,  Meiico- 
1879-83,  Sonthem  Arizona  and  Northern  Mexico  Mining  and  Milling.  1B83-S7, 
ofl^oe  in  New  York.  Examining  and  reporting  on  mines  and  mills.  1887  to  date, 
with  Professor  W.  B.  Potter,  at  St  Louis  Sampling  and  Testing  Works  and 
Washington  University.  Leotaring  on  Metallnrgy.  Testing  ores,  etc  Examin- 
ing and  reporting  on  mines  and  mills.    Superintendent  Central  Lead  Co. 

Thomas,  rRFj>ERicK  Mayhew,  E.  M.,    ....     1885. 
1331  Vine  Street,  Denver,  Colo. 
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Leveller  (Instraineiit  m^D,  etc),  on  New  York  State  CadaIs,  from  S«pt«mbeTr 
1887,  to  NoTember,  1869  (podtioD  redgned).  Tmooitmsii  and  leTeller  on  pre- 
liinin&i7  nilroad  survey  in  Sohotuuie  Connty  in  spring  of  1B90.  TnnBitmau  and 
leveller  on  Synonae  W&tu  Works  dnring  the  vrlnler  of  1890-91. 

Thompson,  Henrt  Clabk,  C.  E.,  .  .        .     1886. 

Loritlard  Place,  ncd  One  Hundred  and  Eigbty-Seventh  and  One 
Hundred  and  Eighty -eighth  Streets,  New  York  City. 

TiBBALS,  Geobge  Atwateb,  C.  K.,         .         .         .         .     188S. 
Continental  Iron  Works,  and  148  Milton  Street,  Brooklyn,  N.  Y. 

1883  to  date,  as  above. 

TiBBALs,  Samuel  Gaylobd,  C.  E.,        .        .         .        .     1884. 
Continental  Iron  Works,  and  148  Milton  Street,  Brooklyn,  N.  Y. 

1884  to  date,  as  above. 

TiLDEN,  Geoegb  Cthus,  C.  E., 1876. 

Address  unknown. 
1878-60,  City  Snrveyor,  Brooklyn,  N.  Y.  1880-41,  Superintendent  Dnnder- 
berg  Hininji  Company,  Georgetoirn,  Colo.  lBSl-62,  Chemist  and  Assayer,  Den- 
ver, Colo.  1882  to  date,  Frote«aor  Analytical  Cbemtetry  State  School  of  Mines, 
Golden,  Colo.  1881  to  date,  Consnlting  Practice  as  Mining  Engineer.  Speoialty 
Analytical  Chemistry  and  Assaying. 

Titus,  Warren  Harriott,  E.  M.,  .         .         .  1886. 

Sanitary  Engineer,  Lincoln  Building,  1  Union  Square,  New  York 

City,  N.  y.,  220  Fourth  Avenue  and  80  E.  Washington  Square, 

New  York  City,  and  Whitestone,  N.  Y. 
1885-86,  Post  Graduate  Coorse  in  Civil  Engineering  School  of  Mines  and  travel- 
ing in  Enrope.  From  1866-92  in  the  Board  of  Health  employed  as  follows; 
From  Oct.,  1886-87,  Asnstant  Sanitary  Engineer  and  Inspector  of  Plnmbiug. 
From  1687-88,  Asnstant  Sanitary  Engineer  and  Special  Inspectoi  of  Plnmbiag, 
Diainage,  Light  and  Ventilation.  From  1886,  to  Nov.,  1600,  AssUtant  Sanitary 
Engineer  and  Special  Inspector  and  Examiner  of  Plans  toe  Plumbing,  Drainage, 
Light  and  Ventilation.  From  Nov.,  1890,  to  Jnne,  1692,  Assistant  Chief  In- 
spector of  the  Division  ot  Plambing,  Drainage,  Light  and  Ventilation.  From 
De&,  1891,  to  Jnne,  1892,  Acting  Chief  Inspector  in  charge  of  Division  of  Plumb- 
ing, Drainage,  Light  and  Ventilation.  From  Jane,  1892,  to  Oat.,  1893,  Ex- 
aminer td  Plans  for  Plnmbing,  Drainage,  Light  and  Ventilation  in  the  D^iart- 
ment  of  Buildings  of  New  York  Cltj.  1895,  Practicing  as  Sanitary  Engineer, 
New  York  City. 

Tompkins,  E.  De  V.,  C.  E., 1896. 

Union  Bridge  Company,  Athens,  Pa.,  and  632  West  End  Avenue, 
New  York  City,  N.  Y. 
Asrastant  Inslrnotor  Summer  School  of  Surveying,  Snmmer  of  1695.     One  week 
after  gradoatiou  to  present  time,  with  Union  Bridge  Co.,  Athens,  Pa. 

ToNNELE^  Theodore,  Ph.  B., 1880. 

Care  of  Wm.  Dewees  Wood  Co.,  McKeesport,  Allegheny  Co.,  Pa. 
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Id  ohMge  of  BeSning  and  StMl  DepHbueiita  of  the  WUlittm  Deweea  Wood 
CompMij. 

TowEE,  Albert  Edwaed,  E.  M., 1883. 

Poughkeepne  Iron  Company,  Foughkeepsle,  N.  Y. 
Tower,  Feedeeic  WErHEEWAX,  E.  M.,  ...     1887. 

AsBisUnt  Examiner,  Room  223  Patent  Office,  and  1400  L  Street, 
N.  W.,  Washington,  D,  C. 
1888  to  date,  m  above. 

TowNflEND,  S.  G.  F.,  E.  E., 1896. 

Ward  Leonard  Electric  Company,  Hoboken,  N.  J.,  and  181  5th 
Avenue,  New  York  City. 
Teaphaqeh,  Frank  Webs,  Ph.  B.,  Ph.  D.,    .         .        .     1882. 

Cbemist  in  charge  of  Chemical  Laboratory,  Montana  College  of 
Agriculture,  Bozeman,  Slont. 
1883-84,  Chemiot  for  Wniiams.'  Claik  &  Co.,  FertUizeia.  1884-87,  Iitftractor 
in  CbemiBtiy  and  Pbydoe,  Btannlon  Mllitaiy  Aoademj,  Stannton,  Va.  1887, 
Profnaor  of  General,  Analytioal  and  Applied  Chcmiatiy  and  Anaying  in  ttie  Col- 
It^  of  Montana  and  Hoatana  Sohool  of  Uin«s.  1884-8T,  Analftioal  and  Con- 
aalting  Cbemist,  Stannton,  Va.  1887,  Priixripal  work,  ferdliEer,  iron  and  ateel, 
olaya  etc  Analytical  and  oonanlting  Chemin  and  Amayef,  Deer  Lodge,  Moot 
Afliaying,  misoeltaneons  analjria  and  legal  work.  1890,  Aarnyer  for  the  Cham- 
pion Conaolidated  Mining  Company,  Deer  Lodge,  Mont.  1892-93,  in  oha^c 
Montana  Mining  Exhiliit  at  Colamlnan  Eihibition.  1893,  Profeaaor  CbemiBtcy, 
Montana  College  oC  Agrioaltnre  and  Medh.  Aits.  1895,  Cbemiat  Montana  Agri- 
onltoial  Experiment  Btation. 

Trabk,  Geobge  Feancis  Donnell,  E.  M.,      .  .     1887. 

Member  of  firm  of  Trask,  Burns  &  Co.,  Electric  Railway  Con- 
tractors, 99  Cedar  Street,  New  York  City. 
1888-90,  Apprentice  and  Uaohinist,  L.  &  S.  Railroad.    1890-91,  DiangbtnnaB, 
L.  &  N.  Bailroad,  LonisTille.  In  1896-96,  d<dng  bnaineaa  as  George  F.  D.  Tiaak, 
Eleotrio  Bailway  Contractor;  in  189S,  oh  member  of  Traak,  Bums  &  Co.,  Elcotrie 
Eailway  Contntotors. 

TCBKA,  GUBTAVE    RoBrTSCHER,  B.    S.,  M.  S.,  C.  E.,  .       1891. 

29  Broadway  and  55  East  Sixty-fifth  Street,  New  York  City. 
1891-93,  Civil  and  Meahanioal  Engineer  Link-B^t  Engbieering  Co.,  Philndd- 
phta.  1892-93,  Bridge  Engineer,  Long  Island  Bailroad.  Ajaistant  Engineer  C. 
N.  Y.  and  W.  K.  R.,  in  charge  of  Stony  Brook  viadnot,  1893.  Consnlting  Tn- 
ginecc  Port.an.Prinoe  Ry.,  Cuba,  1893  to  date.  Reaident  Engineer,  Knoirille, 
Cnmberland  Gap  and  LonisTille  R.  R.  Co.,  in  charge  of  Constroctian  of  Lonisville 
Vladnct,  13S3.  AKistant  to  Profenor  of  Civil  Engineering,  Columbia  College, 
1893.  Tutor  in  Civil  Engineering,  School  ot  Mines,  1891-95.  1896,  Chief 
Engineer  Panama  S^lnad  Ca,  and  in  geneial  practice  at  Consulting  Engineei. 
TuTTLE,  Edgar  Geamgeh,  E.  M., 1881. 

227  Pearl  Street,  New  York  City. 
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1681,  Aamstuit  Engiiieer,  TiUy  FiwtciT  Iran  Mine,  Brewiter,  N.  T.  1881-62, 
DivirioD  EngiDMr,  Wbeeling  A  Lake  Erie  R.  R,,  Toledo,  O.  1882-63,  Anajer 
and  Mining  Engineer,  Silver  City,  New  Uezioo.  1683-85,  Division  and  OtBoe 
Engineer,  Arizooa  &  Hew  Mezioo  Bailroad,  Lordsborg,  Arizona.  18Bfi,  Cod- 
straoliDg  Engineer  at  Uines,  Arizona  Copper  Co.,  Clifton,  AriziMia.  18BS-89, 
Uising  Engineer,  Cambria  Iron  Co.,  Johnstown,  Pa.  1689-94,  Boperinteadent 
AlAroo  Coal  Co,,  and  Cot^oila  Coal  Co.,  Ban  Felipe,  Coahaila,  Mexico.  Box  109, 
Eagle  Paaa,  Texae.  1894,  Examinations  in  Deep  River  Coal  Field  tor  Egypt  Coal 
Co.,  North  Carolina.  1894,  Examination  in  Pooobontaa  Field,  West  Virginia, 
1B95,  Writing  "Snrfaoe  Arrangements  of  BitnminoDsHinet^"  tor  Correspondenoe 
Sdiool  at  Mines,  Boranton,  Penna.  1605,  Expert  Examinations  ol  Property  and 
Opemtirais  Ot  Colnmbos  &  Hooking  Coal  and  Iron  Co.,  Oolnmbos,  Ohio,  lot  Bond* 
holders'  Committee. 

Ttlek,  Walter  Lincoln,  C.  E., 1887. 

116-120  Front  Street,  and  1814  Pacific  Street,  Brooklyn,  N.  Y. 
1687,  Lerelnutn  and  Traneitman  on  the  Rouioke  &  Sonthem  Railroad,  Va. 
1888,  with  J.  A.  Lathon,  C.  E.,  Providence,  R.  I.        1888-89,  with  F.   S.  Owen, 
E.  M.,  Sanitary  Engineer,  New  Yoik  City.     1889  to  the  pieeent  time,  with  the 
A.  B.  See  Manntaetnring  Co.,  116-120  Front  Street,  Brooklyn. 

V. 

Vail,  Lewis  H.,  E.  E., 1894. 

Locust  Valley,  Long  Island,  X.  Y. 

Value,  Beverly  Reid,  E.  M., 1884. 

Address  unknown. 

Vamdekbilt,  William  D.,  C.  E., 1894. 

39  Uonroe  Place,  Brooklyn,  N.  Y. 
Leveller,  Department  of  City  Works,  Brooklyn,  N.  T. 

Vaitdebpoel,  Frank,  E.  M., 1875. 

Chemist,  The  Celluloid  Co.,  295  Ferry  Street,  and  191  fiosevllle 
Avenue,  Newark,  N.  J. 
1876-78,  Balesman,  with  E.  B.  Benjamin.    1678  to  date,  as  above. 

Van  Arbdale,  William  Henry,  A.  K,  A.  M,,  E.  M.,    .     18G8. 
Vice-President  Chicago  and  Aurora  Smelting  and  Beflning  Co., 
Chicago,  HI. 

Van  Blabcoh,  Elbbbt  Champun,  C.  E.,       .        .        .     1876. 

Care  H.  de  San  Frandsco  Pachuca,  Hidalgo,  Uexieo. 
Van  Cortlandt,  Edward  Newenham,  E.  M.,       .        .     1886. 

60S  Cooper  Building,  Denver,  Colo.,  and  Tuxedo  Park,  N.  Y. 
Van  Dyck,  Edwin,  Ph.  B., 1888. 

1080  I>e«n  Street,  Brooklyn,  N.  Y. 
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Van  Sinderen,  Altan  Howard,  Ph.  B.,       .         .         .     1881. 

Attorney  and  Coanselor&t-Law,  16  Broad  Street  and  14  West 
16th  Street,  New  York  aty. 
Van  Volkenbdbgh,  Edwabd,  Jr.,  C.  E.,       .        .         .     1888. 

Morgan  &  Bartlet,  41  Wall  Street,  New  York  City. 
Van  Wagenen,  Theodore  Francis,  E,  M.,  .        .         .     1870. 

Box  589,  Telluride,  Colo.,  and  609  16th  Avenue,  Denver,  Colo. 
1E93,  PresideDt  and  Oenec*l  Manager  <A  the  Deming  Die  Co.,  Demim,  Gnut 
■Co.,  New  Meiioo.    1891,  Conraltiog  Mining  Engineer,  Denver,  Colo.    1896, 
Hnge  Flom-Climu  Gold  Hinee,  Tellnride,  Colo.  ISOT,  Cona.  Eng.  SontliweBtera 
'C<q>pfir  Mining  Co.  (Ltd.). 
VOLCKENING,  GUBTAV  JULIUS,  MeT.  EnQ.,  E.  M.,      .  .      1888. 

Department  of  Health  and  65  Van  Buren  Street,  Brooklyn,  N.  Y. 
VoNDT,  Rudolph  Harrison,  E.  M.,       .  1882. 

805  Montgomery  Street,  Jeraey  City,  N.  J. 
1682-83,  Aeeietant  Engineer,  Tillj  Foster  lion  Mine.  188S~92.  Cbemiet  Pliffinii 
Iron  Worka,  PbcBnizrille,  Pa.     1892,  Snpt.  Plenty  Hort'l  and  Skylight  Worhs. 

Von  Nardroff,  Ernest  Robert,  E.  M.,         .         .         .     1886. 

Instructor  of  Fhyeics,  Barnard  College,  S48  Madison  Aveoae, 

New  York  City,  and  360  a  Tompkins  Avenue,  Brooklyn,  N.  Y, 

VuLTE,  Herbiann  T.,  Ph.  B.,  Ph.  D.,    .         .         .         .     1881. 

Assistant  in  Quantitative  Analysis,  School  of  Mines,  New  York 

City,  and  New  Rochello,  N.  Y. 

1881-82,  Bnperintendent  Columbia  Chemical  Works,  Brooklyn,  N.  Y.    1883- 

91,  AssietaDt  Instmotor  in  Analytical  Chemistry,  School  of  Mines.     Engaged  Id 

investigating  neir  Analytitsl  Methods.     Specialty  :  Commeioial  Orgauio  Analysis 

Expert  in  OIIb,  Fata,  Soap,  eh). 


"Wainwriqht,  John  Howard,  Ph.  B 1882. 

Chemist,  402  Washington  Street,  New  York  City. 
"Walker,  H.  V.,  Ph.  B 1894. 

38-40  Clinton  Street,  Brooklyn,  N.  Y. 
Walker,  Arthur  LcaEN,  E.  M.,         ....     1883. 

General  Manager  Baltimore  Electric  Refining  Company,  Keyset 
Building,  Baltimore,  Md. 
1S63-B4,  Chemist  and  Asssjer,  Old  Dominion  Copper  Co.,  Glob«s  Arizona. 
1685,  Assiatsnt  Superintendent  of  same  company,  1886,  engaged  in  connection 
with  Iron  Metallurgy  in  New  Yoik  City.  188T,  Mechanioal  Engineer  for  Silvn 
KlDg  Mining  Co.,  Silver  King,  Arizona.  1888-93,  Superintendent,  Old  Dominion 
Copper  Co.,  Globe,  Arizona.    Also  report  on  all  clasBes  of  Mining  and  Hetallnrg* 
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ic&I  Property  in  Arizona.  1893-95,  Consulting  Engineec  Old  Dominton  Copper 
Co.  1893  to  dftte,  General  Manager  Baltimore  £leotrio  Refining  Co.,  Baltimore, 
Md. 

Waller,  Elwtw,  A.  B.,  A.  M.,  E.  M.,  Ph.  D.,       .         .     1870. 
7  Frstiklln  Place,  Morristown,  N.  J. 
1871,  Anistant  Analytical  Cheraiitrj,  School  ot  Mines.    1S77, 1 nBtmotor  Anal- 
ytical Chemistry,  School  ol  Mines.    1885-93,  Profeaeor  Analytical  Chemistry, 
IJchool  of  Mines.     1873-85,  Inspector  and  Chemist  K.  Y.  Health  Department. 

Wampold,  Leo,  Ph.  B., 1888. 

204  Monroe  Btreet,  Chicago,  III. 

Ward,  Delanct  Walton,  Ph.  B 1888. 

Whitestone,  N.  Y. 

Warner,  Joseph  Lowery,  E.  M.,  ....  1887. 
P.  O.  Box  621,  Spokane,  Wash. 
Angnst,  1887,  to  Angost,  1888,  Omaha  and  Great  Smelter,  Denver,  Anistailt 
Asssyer.  August,  1886,  to  Jnly,  1869,  Examination  of  and  Reports  on  Mines  in 
Ccenr  d'Almes,  Idaho  and  in  O'Kanagm  Mining  District,  Washington.  Manager 
L«  Belleme  Mine,  same  district.  Jnly,  1889,  to  January,  1890,  Anistant  Super- 
intendent and  Amalgamator,  Golden  Monarch  Mine,  Oregon.  January,  1890-93, 
Examination  and  Beports  on  Mines  in  Western  Washington.  Manager,  Cnlver 
Mining  Co.  and  V.  P.  Vermilion  Iron  Co.  1692,  Examinations  in  Cascade  Range. 
1893,  Examinations  of  Iron  Deposits,  Island  of  Texado,  British  Columbia. 

Watson,  Frederick  Morgan,  E.  M.,  .         .         .         .     1885. 

Conaolidated  Gold  Fields  of  South  Africa,  Buluwayo,  Rhodesia, 

South  Africa,  and  403  Sibley  Street,  Cleveland,  Ohio. 

1885,  AMayer  and  Suneyor.  La  Maria  Mining  Co.,  Mexico.  1886-89,  Engineer, 

Mill  Superintendent,  Sombrerete  Mining  Co.,  Mexico.    Conoentiation  and  Lixi- 

viation.     1S90,  Engineer  for  Pern  Exploration  Syndicate,  Ltd.,  Pern.     1891  to 

date,  Examining  Engineer  for  Frecheville  Bros.     Special  Experience  in  Roasting 

BebelliDue  Ores.     Lixiviation  by  Russell  Ptoocbh  and  Superintendent  as  above. 

SaperiDteudeut  "Cia  Andes"  till  1895.    1896,  Engineer  Consolidated  Gold  Fields 

of  South  Africa.  - 

Watson,  Rolla  Babnum,  E.  M.,  ....     1891. 

Care  Daly  Mining  Co.,  Park  City,  Utah,  and  551  Sibley  Street, 

Cleveland,  Ohio. 

AsBByer,  Candemena,  Mexico,  1891.   ^upt.  Erection  of  Poner  Plant  tor  Electrio 

Street  B.  R.,  Atlanta,  Ga.,  1893.    September,  1893,  nitb  Dewey-Walter  Beflning 

Co.,  Mareia  Mill,  Park  City,   Utah.     December,  1893,  to  date,  Superintendent 

Oewey-Walter  Refining  Co.     Aim  from  May,   1395,  Foreman  Mamo  I^acher. 

1896,  Asristant  Manager  Ruasell  Process  Co.  and  with  Daly  Mining  Co.,  Park 

City,  Utah. 

Wedekind,  Edwn  Huther,  Ph.  B.,     .         .         .         .     1889. 
Northport,  British  Columbia. 
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Weed,  Walteb  Habvet,  E.  M.,  ....     1888. 

IT.  S.  Geological  Sarvey,  Washington,  D.  G. ,  and  care  S.  R.  Weed, 
South  Korwalk,  Conn. 
1B83  to  date,  Geologist  on  the  United  States  Qeolotpcal  Snrvey.  1883-89,  gen- 
eral geology  ot  the  Yellowstone  National  Parle,  especially  ot  sedimentary  rocks, 
with  examinations  ot  the  adjacent  mining  regions.  1890,  strnotntalandeooncmiiiT 
gMlogy  of  the  oonntrj  north  of  the  Yellowstone  Park,  with  special  stadies  irf  Uie 
eoal-fielda  of  Montana.  Specialty,  eoonomio  and  stiBtigiaphie  geolog;.  Pabli- 
eattons:  "A  deadly  Oaa^pring  in  the  Yellowstone  National  Park." — Seimte. 
"The  Diatom-beds  and  Harsbeaof  the  Yellowstone  National  Park." — Bobmital 
(htttle.  "The  Formation  ot  Hot  Spring  DeposiO."  Ninth  Annual  Report  of 
ttie  Director  IT.  8,  Geological  Survey.  'Geysers."— SCHOOL  oy  MlVKS  QnAB- 
TKBLT.  "Notes  on  the  Coal-fields  of  Montana." — ScROOi.  of  HiifEa  Qcab- 
TKBLT.  "The  Cinnaba  and  Bozeman  Coal-flelds  o(  Uontsaa."— Balftft'n  Oro- 
lofieal  Seeing  of  Aintriea,  and  other  papers. 

Weeks,  Wiluam  Holden,  Ph.  B.,       ,         .         .         .     1889. 
789  Madison  Avenue,  New  York  City. 
1689-90,  Asristant  Chemist,   New  York  Chemical  Hannfaetnriug  Company. 
April,  1B90,  tfO  date,  Assistant  Chemist  Health  Department,  New  York  Cit]>. 

Welch,  Alexandeb  McMillan,  Ph.  B.  (Arch.),  .        .     1890. 
447  Lexington  Avenue  and  508  Fifth  Avenue,  New  York  City. 
1800-91,  In  ardhlteot'e  office.    1891-93,  UoKim  Fellow,  tmveling  in  Europe. 
1B93  to  date,  as  above. 

Wells,  Jaheb  Sihpbon  Chesteb,  Ph.  B.,  Ph.  D.,  .     1875. 

Columbia  University,  School  of  Mines,  New  York  City,  and  221 

Union  Street,  Hackensack,  N.  J. 

1875-79,  Assistant  in  QoanlltatiTe  Analysis,  School  of  Mines.     Vacation  ot 

1877,  qient  as  Night  Snperintendint  Pennsylvania  Lead  Works.     1879-93,  In- 

stmotor  in  Qnatitative  Analjtioil  Chemistry,  School  ot  Mines. 

Webtheqleb,  Lewis,  Ph.  B.,       .         .         .         .         ■     1887. 

Western  and  Bedwell  Streets,  Allegheny  City,  Pa. 
Westkbvelt,  William  Y.,  E.  M.,         .         .  .     1894. 

Acting  Mining  Superintendent  Ducktown  Sulphur,  Copper  and 
Iron  Co.,  Isabella,  Polk  County,  Tenn. 
1894-96,  Chemist  and  Surveyor,  Ducktown  Snlphnr,  Copper  and  Iron  Co. ,  Ltd. 
1895-96,  Engineer  and  Chemist,  same  company.    189S,  Acting  Mining  Snpain- 
tcndcnt,  same  company. 

Wheeler,  Hebbert  Allen,  E.  M.,       .  .         .     1880. 

1416  Chemical  Building,  and  3124  Locust  Street,  St.  Louis,  Mo. 
Daring  1880,  Ajsistant  Geologist  in  Utah,  on  U.  S.  QeoIogiaBl  Surrey.  During 
1861,  Asristant  Engineer  Denver  and  Rio  Grande  Weatem  Railicad,  in  Utah  and 
Colorado,  on  location  and  construction.  During  1882,  Snperlntendent  Termont 
Oqipei  Company,  Ely,  Vermont,  From  1883  to  1894,  at  Wsahingtm  UnivenitT, 
St.  Louis;  Adjunct  Protoeor  of  Mining;  also  Consulting  Mining  Engineer. 
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SiTMM  1891,  AMiatant  Minonri  Geological  Snrvej.     1S94,  Conanlttng  Hiuitig  En- 
gineer.    1896,  Secretary  and  Treoanrer,  Standard  Tile  Co. 

White,  Robert  Davis,  C.  E., 1892. 

39  Eaat  Seventy-fourth  Street,  New  York  City. 
White,  Theodobe  G.,  Ph.  B.,  M.  A.,  .         .  .     1894. 

Oeol.  Department,  Columbia  University,  and  39  West  Twenty- 
sixth  Street,  New  York  City. 
Summer  of  1893,  working  on  the  Geology  ot  the  Lake  ChampUin  region.  Sum- 
mer (tf  1894,  traveling  and  eianjining  mining  ngione  SDTTOnndiDg  the  Great 
lakes  in  Canada  and  United  Statee,  also  researohea  on  tbe  Geology  ol  Alt  Desert 
Island,  Maine.  1B94  and  1895,  Poet-Oraduate  Studeot  in  Geology.  Beseaiohes 
on  the  Trenton  fomwtion  (A  the  Lake  Champlain  Valley.  1895-86,  LeotnroT,  N. 
Y.  Board  ot  Education.     1896,  AwiBtant  in  PhyHics,  Columbia  Uuireiuty. 

Whitdtg,  Ix>we,  E.  M 1895. 

Care  Messrs.  Oaminara  &,  Selder,  Tumaeo,  Bep.  Colombia,  S.  A. 
Whitlock,  Hebbert  Pebct,  C.  E.,       .         .         .         ,     1889. 

Assistant  in  Mineralogy,  Columbia  University,  School  of  Mines, 
and  449  Park  Avenue,  New  York  City. 

WiBCHMANN,  Ferdinand  G.,  Ph.  B.,  Ph.  D.  .         .     1881. 

Instructor  in  Chemical  Philosophy  and  Chemical  Physics,  Colum- 
bia University,  School  of  Mines,  and  671  West  End  Avenue, 
New  York  City. 
Consalting  Chemist  American  Sngar  ReQning  Co.,  Brooklyn,  N.  Y. 

WiENEB,  William,  A.  M.,  Ph.  B.,         .         .         .         .     1891. 

Newark  High  School,  and  62^  Nelson  Place,  Newark,  N.  J. 

1891-9S,  Chemist  to  the  Hanson,  Van  Winkle  Co.,  Newark,  N.  J.     1802-93, 

Chemicals  for  Electro-plating,  ST  and  89  Hecbauio  Sb«et,  Newark,  N.  J.      1893 

to  dat«,  Instmotor  in  Newark  High  School,  and  general  chemical  practice. 

WiLLLAMS,  Granville  Whittlesey,  E.  M.,  C.  E.,  .     1879. 

S23  Genesee  Street,  Utica,  N.  Y.  ' 
Williams,  John  Townsend,  E.  M.,  Ph.  B.,  .         .         .     1873. 

Architect  and  Builder,  906-914  New  York  Life  Building,  346-348 
Broadway,  New  York  City,  and  Stamford,  Coon. 

WlLUAMS,  WiLUAM  FiSH,  C.  E.,  E.  M 1881. 

City  Engineer,  224  Pleasant  Street,  New  Bedford,  Mass. 
Chief  Engineer,  later  also  AHsietant  Manager  to  Camberland  lands,  Ltd.,  of 
Stewart  County,  Tenn.     1890-93,  City  Engineer  New  Bedford,  Haas.     1893  to 
present  time,  also  Chief  Engineer  at  present  on  tbe  conntmotion  of  the  New  Bed- 
ford and  Fairhaven  Bridge. 

Willis,  Bailet,  E.  M.,  C.  E 1878. 

U.  S.  Qeological  Survey  and  2117  Bancroft  Place,  WaBhingtoa, 
D.  C. 
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Jnii^  1879,  to  July,  1861,  Speoial  Agent  TenUi  CeuBos;  luapler  at  iron  oies 
and  Btadent  of  iian  deposits  in  atatw  east  ot  the  MuaiBrippi  river.  Angnst,  1881, 
to  Jone,  1884,  Geologist  in  charge  of  Pacific  division  of  Koitiiern  TraDaooDtinentkl 
Survey,  cdiiefl?  enpiged  in  ooal  ezplontiona  in  WoHhington,  Or^on  and  Montana. 
Jul;,  1834,  to  Febniaij,  1889,  Asiatent  Geologist  U.  S.  Oeologloal  Siir>-^, 
vorking  io  TeDneasee  aDd  Hortb  Carolina.  Harah,  1889,  to  June,  1893,  Geado- 
gist  in  duuge  of  Appalachian  division,  XJ.  S.  Geolo^cnl  Survey,  directing  work 
and  studying  geologic  problems  of  ths  Palsoioic  rocks  sontfa  of  Fennt^lvanift. 
1891-93,  Editor  of  Geolc^o  Mapa  tor  Folios  of  the  Geologic  Atlas  (d  the  United 
States.  In  1806-06,  Geologist  in  charge  of  operations  in  the  Cascade  Range  and 
Pnget  Sonnd  Basin,  Washington. 

"WiLBON,  Hbkbeet  M.,  C.  E '1881. 

V.  8.  Geological  Survey,  WMhington,  D.  C. 
1861-82,  I-Bvoller  and  Trandtman,  afterwards  Chief  <rf  Preliminary  pari?,  8. 
&  D.  K.  R.,  Mexloo.     1882-88,  Topographer  U.  8.  Geologiwl  Sorvey.     1889-90, 
Division  Engineer,  U.  B.  Irrigation  Surveys.     1691,  Geographer,  U.  S.  Geological 
Survey.     1891,  Chief  Qeogiapher. 

Wilson,  William  Alexandeb,  E.  M.  .         ,         .     1882. 

Chamber  of  Commerce,  Salt  Lake  City,  Utah. 
Asiayer  for  two  and  a  half  years.  Supeiintendent  of  Sampling  Mill  for  two 
years.  Supcnutendent  of  3&-Stamp  Mill  (dry  omshing,  ohioridizing,  amalga- 
mating and  lixiviating,  capacity  six^  tons  per  day)  for  Ave  yean.  Specialty, 
treatment  <rf  ulver  and  gold  ores  and  examining  and  reporting  on  mining  pn^ 
erties.    Superintending  of  Mining  or  Milling  operations.    U.  B.  Depn^  Hineial 

W1LT8IE,  Eenest  Abram,  E.  M.,  ....     1885. 

General  Manager  Geldenhuis  Estate  and  Gold  Mining  Co.,  Johan- 
nesburg, South  AAican  Republic. 
1686-8S,  Aniatant  Chemist  Edgar  Thotnaon  Steel  Works,  Braddook,  Fa.  1886 
to  May,  1867,  Chemist  Colorado  Coal  and  Iron  Company,  Pueblo,  Colo.  May, 
1887,  to  Aognst,  1688,  Chemist  for  the  Globe  Smelting  and  Refining  Company, 
Denver,  Colo.  August,  1888,  to  April,  1890,  Anistant  Snperintendent  Nor& 
Btar  Mining  Company,  Giaea  Valley,  Cal.  April,  189D-91,  Superintendnt 
Menlo  Mines,  Grass  Valley,  CU.  January,  1893,  Expert  work,  Nevada  Co.,  CaL 
Jsnnaiy  to  Angnst^  1SB2,  with  California  State  Mining  Bnrean.  August,  1892, 
to  January,  1893,  Expert  work  through  California.  April,  1803,  Hansger  Gold 
Mines  for  Samato  Bros.,  Johannesburg,  So.  Africa.  July  1,  1894,  Geldenhuis 
EsL  and  Gold  Mining  Co.,  Johannesburg,  S.  A.  Rep. 

WiNDOLPH,  Augustus  Paul,  Ph.  R,    .         .         .         .     1892. 

Address  unknown. 
WiTTMACK,  Charles  Augustus,  M.  S.,  Ph.  B.,  Ph.  D.,     .    1882. 

675  Hudson  Street,  New  York  City. 
WooLBON,  Ira  Harvey,  E.  M 1886. 

Columbia  TTuiversity  School  of  Mines,  New  York  City. 
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1886-80,  Ansutaat  Qeological  Survey  of  New  Jetsej.  1886-87,  AHigtuit  Amaj 
Department,  School  <d  MinM.  1887-89,  AflriatoDt,  Drawing  Department  Sohool  of 
Mines.  1891  to  date,  ImtrDOtor  MeohanicRl  Engineeriag  and  Dnwiog,  School  of 
Hinee,  Colnmbia  Univeisity. 

Y. 

Yeizah,  Robehto,  E.  M., 1896. 

A.  P.  27,  Zacatecaa,  Mexico,  also  care  C.  Viaders,  14^16  South 
William  Street,  New  York  «ty. 

roDNG,  Edward  Leatttt,  E.  M.,         .         .         .         .     1882. 
American  buyer  Takata  &  Co.,  of  Tolcio,  Japan,  10  Wal}  Street 
and  317  West  Eighty-ninth  Street,  New  York  City. 
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Chandler,  CHABLEe  F.,  Ph.  D. 

Professor  of  Chemistry,  School  of  Uiaes,  Columbia  TTiiiveistty. 
Address,  51  East  Fifty-fourth  Street,  New  York  City. 

Egleston,  Thomas,  E.  M.,  Ph.  D. 

Profeaeor  of  Mineralt^y  and  Metallui^^,  School  of  Mines,  Coluni' 
bia  Uoiversity.  Address,  36  West  Washington  Square,  New 
York  aty. 

Miliar,  George  M. 

Bingwood,  N«w  Jersey. 

EooD,  O.  N.,  A.  M. 

Professor  of  Pbyuos,  Columbia  TJaiveredty.  Address,  Columbia 
University,  New  York  City. 

Van  Amrikge,  J.  H.,  A.  M,,  Ph.  D. 

Profeaeor  of  Hathemstics,  School  of  Mines,  Colombia  Uniyermty. 
Address,  66  West  Forty-seventh  Street,  Nev  York  City. 

Ware,  William  R.,  B.  S. 

Professor  of  Architecture,  School  of  Mines,  Columbia  University. 
Address,  126  Blast  Twenty-eighth  Street,  New  York  City. 


HONOBART   MeHBERB   DECEASED. 
,C.  K,     . 

Babnabd,  F.  a.  p.,      . 

Newbebrt,  J.  S., 
Peck,  W.  G.,      . 
Buthebfurd,  Lewib  M. 
Teowbbidoe,  W.  p., 
Fish,  Hamilton, 


Dni.tizc-ct.Google 


LIST  No  3. 


Contains  the  names  of  Graduates  of  the  School  of  Mines,  not 
members  Of  the  Alumni  Association,  nor  participating  in 
the  benefits  of  such  membership.  For  this  reason  great 
tincertainty  prevails  as  to  many  of  the  addresses  given, 
which  are  the  best  at  hand. 

It  is  very  desirable  that  this  list  should  be  shortened  as-far  as 
practicable  by  the  transfer  of  names  from  it  to  the  pre- 
ceding List,  No.  a,  under  the  Rules. 


(Revised  to  March,  1897.) 
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Aidien,  J.  B.,  Pb.  B.,         .... 

Hftwortb,  K 
Adams,  W.  J.,  A.  H.,  KM 

Adanu,  'V 

47  W.  38th  Street,  New  York  City. 

Agnmont^,  Jee£  Ctmi,  C.  E., 

AddreoB  imknown. 

Agmnont^,  I,  E.,  C.  E., 

Znli«ta  No.  3,  Hftvana,  Cnb». 

Aldeu,  Herbert  C,  E.  M., 

Addreea  nntcnown. 

Aldrioh,  C.  H.,Ph.  B., 

8  dulling  Street,  Proridoioe,  R.  I. 

Anderwm,  QeorgeUendentMll,  Ph.  B., 

Eut  WalDnt  Hille,  Cinoiiineti,  Ohio. 

AndreeeD,  Cherlee  Alfred,  E.  M., 

Pidutd  &  Andneen,  89  Gold  Btieet,  New  Torlc  Ci^. 

Appleby,  John  Stonn,  Ph.  B.,  A.  M., 

Arohiteot,  216  West  E^rtj-ninth  Street,  New  Turk  at;, 

Aiden,  Jetn  L.,  Ph.  B.,  E.  E 

GaniwHi,  N.  Y. 

Aaolmui,  Fied.  Tfaeo.,  Ph.  B., 

CbMnist  and  Pndtmar  ol  Chemlatrj,  College  at  PharmMy, 

AniytuiMii,  Fredh.,  C.  E., 

Pienaonnt,  N.  Y. 
and  86  Watet  St.,  Pittabtug,  Pa.' 

AyeatM,  Alberto,  Pb.  B, 

Tegndcolpa,  Hondnnw,  C.  A. 
I,  W.  C,  P*.  B., 


Ayree,! 

BudweU,  A.  F^  E.  H., 


Addieae  nnlmoira. 
Box  773,  Aspen,  Colo. 


1,  Ang.  Porter,  E.  H., 

ISS  Etet  TwentT-aizttk  Street,  New  York  Citir. 

BarKM,  Lonifl  de  Soum,  E.  H.,  C.  E., 

AddreoB  nukiiown. 

Bartlett,  F.  R.,  C.  E., 

344  HadieoD  Street,  Brooklyn,  N.  Y. 

Beokstein,  Charles  Alfred,  Ph.  B., 

336  Weat  Forty-jixth  Street,  New  York  City. 

Beokwith,  Charles  Ellewortb,  Met.  Eng., 

Addreas  anknown. 

Beekwitb,  George  Alexander,  C.  E., 

Patereon,  N.  J. 

Behlen,  Hemiaa,  Ph.  B., 

125  Eaat  One  Hundred  and  Fifteenth  Street,  New  York  Ci^. 

Bchr,  iklward,  C.  E., 

426  Henry  Street,  Brooklyn,  N.  T. 

Bell,  Hendereon  H.,  Jr.,  E.  H., 

Bramwell,  Hercer  Co.,  W.  Ta. 
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Beiseii,  ChM.  Hjll,  C.  £ 1699. 

Ked  Bulk,  N.  J. 

Beirr,  Qemld,  C.  E., 

78  Uorton  Street,  Brooklyn,  K.  Y. 

BiMk,  Alex.  L.,  E.  M 

66  Carondelet  Street,  New  OrlesuB,  La. 

BliBB,<»lliiiBPe6biii,  Ph.  E, 

60  Ced«  St,  Boom  9,  New  York  Ot;. 

Bollfs,  Bandolph,  Ph.  B., 

Englewood,  N.  J, 

BritOD,  Robert,  Ph.  B.,  M.  D., 

AwiiitMit  PhjsiciMi,  G»ex  Coonfy  Iiwuie  Asrlnm,  So.  Orai^  At.,  Newatk,  N.  J. 

BMHuge,  G.  R.,  Ph.  B. 

7S  Weot  Fort7-tUth  Steeet,  New  YwkCity. 

BremiMi,  Andrew  Joseph,  C.  E. 

Addreaa  unknown. 

BHdgbam,  Suuwl-'WhlAid,  E.  U 

49  West  Twenty-thiid  Street,  New  Yoik  City. 

BrindHchoff,  George  Chuln,  E.  H., 1878. 

Apoctedo  1S3,  HBtanxaB,  Caba. 

Bronacm,  Edwnrd  Btelle,  A.  B.,  A.  M.,  E.  H,, 1867. 

49  Oaiden  Plaoe,  Brooklyn,  N.  Y. 

Unoka,  W.  F.,  Ph.  B., 

336  West  Fiftj-fitth  Street,  New  Ymrk  dty. 

Rnehmui,  Frederick,  £.  M., 

n.  S.  Hint,  And  130  West  Third  Ave. ,  Denver,  Coio. 

Boakiiighun,  Frederiok  Endioott,  E.  H., 

Depcirtment  Pablio  Works,  Brooklyn,  N.  Y. 

Bnokluid,  WillA.,  Ph.  B 

36  East  Twen^-eeoond  Street,  New  York  City. 

BoUmon,  Chae.,  Ph.  B 

808  3d  Plaoe,  PlainOeld,  N.  J. 

SorrUI,  Percy  H.,£.  H., 

Bartow-OD-Sonnd,  N.  Y.,  and  66  E.  49th  Street,  New  York  City. 

Bosh,  William  Falknar,  E.  M., 

Addreaa  unknown. 

Cslma,  Fred.  Irvan,  Het.  Eng., 

SO  Buckingham  Avenne,  Bridgeport,  Conn. 

Qunpbell,  Alonzo  Clarenoe,  E.  U., 

Mining  Engineer,  306  BnsBell  Street,  Nashville,  Tenn.    Speoi«lty,  Milling 
and  Concentration. 

Caufield,  M.  C.,E.  E., 

18  Clinton  Street,  Cleveland,  Ohio. 

<hmey,  Edward  J.,  C.  E., 

67  W.  68th  Street,  New  York  City. 

Carrie,  Joeeph  Maxwell,  C.  E., 

38  P&rk  Plaoe,  New  York  City,  "id  ^cw  Brighton,  N.  Y. 

Canon,  Joaepb,  C.  E., 

31  West  Filty-flnh  Street,  New  York  C»ty. 

Caiy,  Geo.  B.,  Ph.  B 

184  Delaware  Avenne,  BaBalo,  N.  Y. 
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Chapman,  A.  W.,  E.  E.,  A.  B., 

160  HiokB  Sfreet,  Bnmklrn,  N.  Y. 

Choeel,  P.  E., 

66-d8  BruBd  Street,  Ouurlcston,  S.  Ctk 

Clark,  Leroj,  Jr.,  E.  E 

350  Vfeet  Fiftieth  Street,  Nevr  York  Cit^f. 

Cl^ton,  William  Bobert,  Ph.  B., 

Architect,  31  and  32  Rialto  Bnilding,  Chicago,  111. 

Cloud,  IiM  Qewge,  A.  B.,  E.  M., 

316  HomnoDth  Street,  Newport,  Ky. 

Colton,  Fi«detiokQra7,  Ph.,  B., 

136  MoDtagne  Street,  Brookljn,  N.  Y^ 

Colt,  S.  B.,  Ph.  B 

1187  Bro*d  Street,  Newark,  N.  J. 

Comstook,  Claude  Nichols,  C.  E., 

Address  nnkuowD. 

Constant,  Charles  Lonis,  E.  M.,  C.  E., 

32  Park  Street,  Jereey  Gty,  N.  J. 

Cornell,  George  B.,  E.  M.,  C.  E., 

2»  Broadna;  and  46  West  48th  Street,  New  York  City- 
Cornwall,  George  Rockwell,  E.  H.,  C.  £., 

188  Lefterto  Place,  Brooklyn,  N.  Y. 

CoDiwn,  George  Hampton,  E.  M.,  C.  E 

Address  unknown. 

CoreU,  E.  C,  A.  b:, 

Address  unknown. 

Covell,  W.  S.,  Ph.  B 

42  West  Siity-siith  Street,  New  York  City. 

Cojkendal],  Thomas  Cornell,  C.  E., 

Rondout,  N.  Y. 

CozzeuB,  Harmon,  K  M., 

Address  unknown. 

CriBty,  Edward  Bnxtoo,  Ph.  B. 

Albaqnerqae,  New  Mexico. 

Cromwell,  James  William,  Jr.,  Ph.  B., 

Architect,  29  Brevoort  Plaoe,  Brooklyn,  N.  Y. 

Crowell,  Charles  B.,  Ph.  B., 

Hinneapolis,  Minn. 

Curtis,  Charles  Gordon,  C.  E., 

President  Curtis  Electrical  MCg.  Co.,  TChiton  St.,  Jersey  aty,  N.  J. 

CnrtifB,  C.  C,  A.  B.,  A.  M., 

Address  unknown. 

Danach,  J.  M.  A.,  Ph.  B., 

Morristown,  N.  J. 

Dai-is,  William  Hcnroe,  E.  M., 

SyiaonsB,  N.  Y. 

Del  Calvo,  Fiantds,  C.  E., 

Address  unknown. 

Detwiller,  Charles  Henry,  Ph.  B.,      ^ 

Detwiller  &  Melendy,  97  Naasan  Street,  New  York  City,  and  56  DMotcnth 
Avenne,  Jersey  City,  N.  J. 
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Dodawortta,  W.  A.,  Ph.  B 

19  Beavei  Street,  Kew  Tork  City. 

DooUttle,  C3isrla  Horace,  E.  M 

Addiesi  nnknowD. 

Dotrie,  Honwe,  A.  B.,  E.  E., 

363  Jeftenoii  Ave.,  Brooklyn,  N.  Y. 

Downing,  Omen  PiDkerton,  Ph.  B., 

lis  Battery  Street,  Sjui  Frandaoo,  Cal. 
Dunn,  Oano  Silliok,  B.  S.,  E.  E.,  .  .         . 

Elect  Engineer,  Cioofcer-Wheeler  Eleetrio  C!o.,  Ampere,  Eut  Orange  N. 

Dnrbam,  Edwaid  B.,  E.  M., 

Mt  Kirto,  N.  Y. 
Eliot,  Walter  Greame,  E.  M.,  C.  E.,  Ph.  B.,  Ph.  D.,        .... 
''  Universitj  Magazine,"  70  South  St.,  and  Univenity  Clnb,  N.  Y.  Cil?. 

Ellis,  A.  Van  Horn,  C.  E., 

Bartow-on-SooDd,  N.  Y. 

Emanoel,  L.  Y.,  C.  E., 

926  Park  Avenue,  New  York  Gty. 

Emery,  H.  G.,  Ph.  B 

Nyaok,  N.  J. 

Esoohar,  Fnmoisoo,  E,  U 

842  Wilson  Avenae,  Cleveland,  Ohio. 

Falea,  WlUiam,  E.  S.,  E.  U.,  LL.  B., 

Amoy,  Chi  Da. 

Felloira,  William  K.,  Ph.  B., 

7818  Eggleston  AveuDe,  Chicago,  11). 

Fenner,  Clarence  Norman,  E.  H., 

Fateraon,  N.  J. 

FergnBOn,  George  Albert,  Ph.  B. 

138  Wilaoo  Street,  Brooklyn,  N.  Y. 

Fisher,  LlcrydWiegand,  Ph.  B., 

109  E.  Twenty-eighth  Street,  New  York  City. 

Fitch,  Charlea  Lincoln,  E.  M., 

Addrae  nnknown. 

Fltoh,  Jcaiafa  Hnntiugdon,  E.  M., 

Addrees  nnlcnonn. 

FitEgeiald,  George  F.,  £.  M., 

£1  Paso,  Texas. 

Fianoke,  Bobert  Otto,  C.  E., 

W.  Fasthnrg,  E*q.,  Moeoow,  Ennia. 

Fninkfleld,  Emil,  C.  E., 

328  W.  Fifty-sixth  Street,  New  York  aty. 

Franklin,  L.  M..  Jr.,  Ph.  B., 

Flushing,  L.  I.,  N.  Y. 

Frisbee,  H.  D.,  E.  E., 

Fnlton  Street,  New  Ywk  City. 

Fnentea,  Paul,  E.  M., 

321  HndsoB  Street,  Hoboken,  N.  J. 
Gage,  Suuuel  Edson,  Ph.  B., 

Arohite«t,  114  Fifth  Avraiae,  New  Yotk  City. 
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Gardner,  Watta  Denniiig,  C.  E., 1888. 

BMtid  «t  HMltb,  If«w  Yoric  City. 

GKrriaon,  EdmnodHoTt  E.  M.,  C.  E., 1876. 

B4  Highland  Btre«t,  Yonkaia,  N.  Y. 

0«ev,  Gen^  Janis,  Jr.,  £.  H 1888. 

Henhnnt,  463  Broome  Street,  New  York  a^. 

Oiddin^  Edwaid  Everett,  £.  H., 1M7. 

Merdiftnl^  413  RdjaI  Inmnnoe  BnJldiug,  Chicago,  111. 

Goldsmith,  B7TO11  Benjamiii,  Ph.  B., 1397. 

19  East  Stnrenty-fonrUi  Sinai,  Kew  York  Cify. 

Goldsmith,  Goldwin,  Ph.  B., ISOS. 

New  Bodielle,  N.  Y. 

Gould,  Edward  Lodlow,  C.  E., 1890. 

69  Hawthorne  ATenae,  Yonkeis,  N.  Y. 

Greene,  Wilkiu  Updike,  Ph.  B 1880. 

104  Columljla  Heights,  Biooklfu,  N.  Y. 

Oregoiy,  L.  E.,  C.  E., 189S. 

406  Paaeaio  Avenae,  KeanK^v  N.  J. 

Griffin,  8.  P.,  Jr., 1884. 

449  Park  Avenae,  New  YtKk  Citj. 

Griffith,  Vincent  Colfar,  Ph.  B 1889. 

160  Herkimer  Street,  Bnwkljn,  N.  Y. 

Origp,  Wilfred  Elisor,  Ph.  B., 1889. 

Ardiiteot,  WnUstbTiiy,  Coon. 

Haaa,  ttwy  Leopold,  Ph.  B., 1878. 

Can^re  and  Haae,  3S  Park  Plane,  New  Y<nrk  City. 

Hamilton,  Sehnyler,  Jr.,  A.  B.,  A.  M.,  E.  M., 19W. 

Cro1an-on-HadB0D,  Weatdieeter,  Co.,  N.  Y.,  Architect  and  Briok  H't'r. 

Hsiwoii,  E.  C,  C.  E., 1B94. 

79  Hanhattan  Avenne,  New  York  atf. 

Hafker,  CharlsSnmner,  E.  M., 1879. 

26  Mcintf;(nn«i7  Bteeet,  San  Franelaoo,  Cal. 

Banner,  Thomae  Hajes,  A.  B.,  A.  H.,  E.  M., 18(7. 

113  Eait  Twenty-MTentli  Street,  New  York  Ci^. 

EbKiiHon,  Nfwton,  E.  E., 1892. 

Electrical  Engineer,  136  Ubert7  Street,  New  Yco'k  City. 

Hart,  Bornbam,  C.  E., 1B85. 

Bamiay,  N.  J. 

Hart,  Charln  Henry,  C.  £., 1890. 

199  Lenox  Avenue,  New  York  City. 

Hasegawa,  YDthiooeuke,  E.  M.,  Ph.  D. 1878. 

Milan  Bishi  Sha,  No.  11,  Awajiobo,  Niobome  Kaada,  T<Mo,  Jiqiui. 

Hawkee,  Emil  MaoDon^,  A.  B.,  E.  H., 1886. 

aer  Fifth  Avenne,  New  Ywk  City. 

Hawka,  H.  D.,  E.  E., 189fi. 

40  W.  S6th  Street,  New  York  aty. 

Hay,  Arthnr,  E.  H., 169S. 

831  Bonth  Second  Street,  Sprii^eld,  III. 

Hdnze,  Frederick  Angiutna,  E.  M., 1889. 

General  Manager,  Montana  Ore  PorobasiDg  Co.,  Bntte,  Montana. 
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HcsBelbad),  Chaa.  V.,  C.  E., 

93  Lexington  Avenne,  New  York  City. 

Heomia',  Fredraiok  Adolpb,  Ph.  B., 

Box  e,  Edgewater,  N.  J. 

Heye,  Qto.  O.,  E.  E., 

11  E.  4Sth  Street,  Nen  York  Cil;. 

Hooper,  Lonis  Moaher,  C.  E., 

Bntberford,  N.  J. 

Holter,  Noiman  Beniaid,  E.  H., 

A.  U.  Holt«T  HoKJwsre  Co.,  Helena,  Moat. 

Horn,  JuDca Thontoo,  A.  B,  C.  B., 

NBTftl  ARihiteat,  and  13  E.  Fifty-third  Street,  New  York  Ci^. 

Homboetel,  Henry  Fredeiiok,  Ph.  B., 

39  Second  Place,  Brooklyn,  N.  Y. 

Hoyt,  John  Bhennan,  C.  E., 

934  Fifth  Avenne,  New  York  Cilj'. 

Hoyt,  B.,  C.  E., 

Katonah,  N.  Y. 

Hoyt,  W.  L.,  C.  E., 

Globe  Smelting  and  Befining  Co.,  Denver,  Colo. 

Hndaos,  Edward  Henry,  C.  E., 

AddreM  nuknown. 

HontHn^  Henry  Ogden,  Ph.  B., 

Andiiteot,  454  Ceaaaon  Avenae,  Brooklyn,  N.  Y. 

Hyatt,  ChM.  Edwd.,  E.  E., 

Newark,  N.  J. 

Iblacng,  H.  C,  C.  E,  Ph.  D 

State  College,  Pa. 

lT«e,  Artbnr  Stanley,  C.  E.,  E.  E., 

33  Sidney  Place,  Brooklyn,  N.  Y. 

JaekMon,  Charlce  Edward,  C.  E., 

16  Conrtland  Street,  New  York  City. 

Jacobs,  H.  H.,  Ph.  B., 

lOT  E.  Seventy-eighth  Street,  New  York  City. 

Janonlowsky,  Meyer,  Pb.  B., 

S7  Jefferson  Street,  New  York  City. 

Jdle,  UajM,  C.  E., 

Verona,  N.  J. 

Jenney,  Walter  Proctor,  E.  M.,  Ph.  D., 

Bapid  City,  South  Dakota. 

Jones,  E.  M.,  C.  E., 

313  W,  Twenty-eighth  Street,  New  York  City. 

Jonea,  Thotnaa  John,  Met.  Eng., 

Pulafiki  raty,  Va. 
Jwdao,  Joae  Nabor  Paobeoo,  C.  E.,  E.  M.,  Pb.  B.,     . 
Addrees  anknown. 

Jndd,  Cbarlee  Breok,  E.  M 

WeetinghoaBe  Bailding.  Pittabnrg,  Fa. 

Karr,  (I.  P.,  Ph.  B. 

1  Dnion  Square,  West,  New  York  City. 
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Eeeler,  Frederick  Sterling,  Ph.  B., 


h  Avenue,  Bnlblo,  N.  Y. 

King,  Charles,  Fh,  B 

Railroad  contractor,  King  &  DickioBon,  Ttusoma,  Waab. 

Eletchka,  John  Joaepl),  A.  B.,  C.  E. 

a*7  Willis  Avenne,  New  York  City. 

Enapp,  John  Aognstna,  A.  B.,  A.  M.,  E.  M., 

Chicago  and  Aurora  SmeltiDg  Co.,  Chicago,  111. 

Knox,  Charles  E.,KE., 

Jaa.  W.  Queen  &  Co.,  Philadelphia,  Fa. 

Kohn,  Bobert  David,  Ph.  B., 

4  Rne  Honor^  Chevalier,  Paris,  France. 

Eotd,  Louis,  Pb.  B 

281  Broadway,  New  York  City. 

Ledotu,  Angurtue  Damon,  Pb.  B., 

P.  O.  Box  4S!6,  Biehmond,  Va. 

Lee,  Henry  Cbartee,  C.  E., 

137  Eaut  Twenty-finrt  Street,  New  York  aty. 

LicfateDstriD,  Edward  Gervaise,  Ph.  B., 

14  W.  Seventy-fourtb  Street,  New  York  City. 

Liitdsley,  Stewart,  E.  M., 

Orange,  N.  J. 

Livingston,  Ooodhne,  Ph.  B., 

Geo.  B.  Post,  Century  Bldg.,  New  York  City. 

Lord,  Nathaniel  Wright,  E.  H., 

Profeesor  Mining  and  Metallurgy,  Ohio  State  Univeraity,  Colombos,  O. 

Lowndw,  William  Sbepberd,  Pb.  6,, 

43  Sherman  Place,  Jersey  City,  N.  J. 

McDowell,  Frederick  H.,  E.  M., 

Address  unknown. 

Hollraine,  Alexis  Reed,  Ph.  B., 

Architect,  48  Exchange  Place,  New  York  City. 

McKee,  H.  8.,  E.  M 

Loe  Angeles  Terminal  Railway  Co.,  Los  Angeles,  Cal. 

McRinlay,  Jamee  Buell,  E.  M 

108  W,  Seventy-ninth  Street,  New  York  Ci^. 

McKIeroy,  William  Henry,  Met  Eog., 

Otehier  Annlston  National  Bank,  Anniston,  Ala. 

McNeil,  CharleeR.,  Ph.  B., 

Litchfield,  Conn. 

MaoOaban,  I^nl,  E.  E.,     .  

75  East  61st  Street.  New  York  City. 

MaoGr^or,  Donald,  Ph.  B., 

1118  Madison  Avenue,  New  York  City. 

Maoy,  V.  E..  Ph.  B, : 

18  Weet  Fifty-tbini  Street,  New  York  City. 

M^hee,  John  Holme,  A.  B  ,  A.  M.,  C.  E., 

Cayuga  I^ke  Ice  Line,  Rochester,  N.  Y.,  and  39  East  Thirt^-Moimd 
Street,  New  York  aty. 

Mahl,  J.  Thomas,  C.  E., 

G.  H.  &  8.  A.  It.  R.  Co.,  Houston,  Texas. 


.Xjoogic 


MauD,  C.  H.,  A.  B.,  A.  M., 
Hmid,  Hotsos  BoKhsenins,  1 


Address  nnknown. 
1.  B.,    . 

OniDge,  N,  J. 


Map«s,  Cbarlca  Halstead,  Ph.  B. 

60  Wert  Fortieth  Street,  New  York  Qty. 

Marah,  ChftrJes  Wells,  Ph.  B.,  Ph.  D. 

436  Fifth  Avenne,  New  York  Citj. 
Uatthewg,  Charles  Thompson,  Ph.  B.,         .... 
Architect,  Elm  Park,  Norwalk,  Conn. 

Matthew,  W.  D.,  Ph.  B., 

St.  John,  M.  B.,  Canada. 

Matoni,  Nawokichi,  Ph.  B.,  Ph.  D., 

AgrioDltnral  College,  Eonaha,  Tokio,  Japan. 

HattisoD,  Joseph  Godlej,  Ph.  B., 

ReallEstate  and  InsDianoe  Broker,  20  W.  Fourteentb  Street,  New  York  Citj. 
Heikleham,  Thomas  HanaBandolpb,  C.  £.,      .... 
Address  unknown. 

Merwin,  H.  J.,  E.  H.,        .  

MiddlMborongh,  Ky. 

Mesa,  Antonio  Eateban,  C.  E., 

Address  nnknown. 

HnoB,  George  E.,  E.  E., 

Elizaheth,  N.  J. 

Hetzger,  Arthnr,  Ph.  B., 

43  East  72d  Street,  New  York  City. 

Moeller,  Rndolph,  Ph.  B., 

336  West  Twenty-ninth  Street,  New  York  City. 

Monell,  Ambrose  Jr.,  E.  £., 

43  Lafayette  Place,  New  York  aty. 

Montgomery,  H.  P.  A.,  Ph.  B., 

1189  Madison  Avenne,  New  York  City. 

Morgan,  J.  L.,  Ph.  B., 

47  Fulton  Street,  New  York  City. 
Morewood,  George  Barrow,  E.  M.,  Ph.  D.,        .        .        .        . 
156  West  Beventy-wiih  Street,  New  York  Citj. 
Morewood,  Henry  Piancia,  E.  M.,  Ph.  D.,  .... 

Importer,  Boi  2087,  New  York  City- 

Morria,  B.  W.,  Jr.,  Ph.  B., 

33  West  Forty-second  Street,  New  York  aty. 

Morse,  Geo.  T.,  Ph.  B., 

613  Carleton  Avenue,  Brooklyn,  N.  Y. 

MoiKwdel.Monte,  A.C.,  C.  E.,Ph.  D 

328  ChestuQt  Street,  Philadelphia,  Pa. 

Monroe,  M.,  E.  E., 

AddreoH  unknown. 

Hurray,  George,  E.  M., 

23B  Wert  Tweul^-thlrd  Street,  New  York  City. 

Hnichiacm,  E-  U.,  Jr.,  Ph.  B., 

48  Wert  Fifty-seventh  Street,  New  York  City. 


.890. 


879. 


1889. 


.878. 


.890. 


.879. 


.6»4. 


.896. 


.896. 


.896. 


876. 


894. 


.896. 


1894. 


.874. 
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Kunbn,  Kingo,  E.  M., 1878. 

NagBuki,  Japan. 

Nettre,  L.  R.,  E.  M., 

28  Coveotij  Street  W.,  London,  England. 

Nwwonlmer,  Edwd.,  Ph.  B., 

loe  East  TOtb  Street,  New  York  at;. 

Newton,  T.  M.,  Ph.  B., 

40  Weat  Serentj-flfth  Street,  New  York  City. 

KcTiuann,  Percy,  Ph.  B.,  Ph.  D. 

Chemist  and  Aisiatant  Saperintendent,  36  Michigan  Stoeet,  Cleveland,  O. 
Nioholaa,  Hany  Pftrmelee,  E.  M.,      . 

Hotel  St.  George,  4S  East  Twelfth  Street,  New  York  a^. 

Noble,  Charles  Milton,  E.  M., 

Moji^er  Buttan  Mfg.  Co.,  Anniston,  Ala. 

Cnkea,  J.  C,  B.  S.,  Ph.  B., 

423  West  Twenty-flrat  Street,  New  York  Ci^. 

Owianakl,  IbSbo  Henry,  C.  E., 

Addren  unknown. 

Owena,  Robert  Bowie,  E.  E., 

FrofewoT  Elect.  Engineering,  Vnlvetsily  of  Nebnaka,  Linooln,  Neb. 

Oznaid,  Jamea  OneiTBTO,  Ph.  B., 

Norfolk,  Neb. 

Fainter,  Robt.  E.,  E.  H., 

fi  Unioa  Street,  New  Bmnswick,  N.  J. 

Palmer,  CoitlandtEdwaid,  E.  M., 

Coloiado  Springa,  Colo. 

Palmer,  Geo.  A.,  C.  E 

032  Sth  Avenue,  New  York  aty. 

Paimly,  Chaa.  Howard,  B.  8.,  E.  E., 

344  W.  Twenty-ninth  Street,  New  York  City. 

Paraona,  H.  A.,  C.  E., 

Sonth  Notwalk,  Conn. 

PaiMHM,  George  H.,  E.  M., 

Colmado  Springs,  Colo. 

Pacm,  Vincent  Felix,  E.  M., 

Addreaa  nnknown. 

Poroe,  E.,  Ph.  D., 

Address  ankaown. 

Pederaon,  F.  M.,  R  S.,  E.  E., 

3S7  W.  mrty^oiirth  Street,  New  York  City. 

PaJton,  H.  C,  Ph.  B., 

Address  nnknown. 

PemoS,  Joel.,  C.  E., 

344  East  Broadway,  New  York  aty. 

Perry,  Nelson  W.,  E.  M., 

Editorial  Staff  "  Eleetriol  World,"  New  York  <Sty. 

Peny,  Chaa.  L.,  E.  E., 

14  Hampden  Street,  New  York  Q^. 

Pfistar,  PhiUp  Chatlea,  E.  H., 

Address  nnknown. 
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Pierce,  Harry  Nelaon,  E.  M., 

Addreaa  nnkDoirD. 

Pbtt,  Charlefl  Slaaon,  E.  M 

AtMjer,  31  Mid  31  Gold  Street,  Kew  York  aty. 

Pamewj,  W.  A.,  E.  M., 

Oswego,  Oreson. 

P<^e,  J.  R.,Ph.  B., 

Ill  E.  Twenty-fifth  Street,  New  York  City. 

Portnondo,  Joee,  C.  K 

Sad  Badlio,  Alta  26,  Santiago,  Cubs. 

Port,  A.  Van  Zo,  C.  E., 

45  Wall  Street,  New  York  City. 

PoBt,  B.  B.,  Ph.  B., 

Elizabeth,  N.  J. 

Post,  WiUiam  Stone,  Ph.  B., 

BemardBTille,  N.  J. 

Fowen,  Cornelius  Van  Vorat,  Ph.  B., 

Anstant  Engineer  Aqnednot,  Katonah,  N.  Y. 

Priroellc^  Joee  Alejandro,  C.  E., 

Ueroedee  33,  Paerto  Prinoipe,  Cuba. 

Prinee,  A.  D.,  C.  E., 

30  W.  Forty-seventh  Street,  New  York  City. 

Proctor,  'William  Soaa,  E.  U 

43  and  46  Sixth  Avemie,  PttWnug,  Pa. 

PrOTOt,  F.  A.,  a  E., 

Box  lee,  Oiange  Valley,  N.  J. 

ProTot,  Gemge,  Pfa.  B., 

Arohitect,  34  Highland  Tenaoe,  Orange,  N.  J. 

Badford,  William  Helaham,  E.  H., 

Lydanbnigh  Gold  Mining  Co.,  Umited,  UanoheHter,  Eng. 

Sandol^,  Edmnnd,  Ph.  B., 1683. 

E.  A  C.  Bandolph,  7  Nassan  St.,  New  York  City;  also  Kniokerbookei  Clnb. 

Bajmer,  Georgefibarp,  A.  B.,  E.  H., 

Mine  Snperintendant,  Idaho  Springs,  Ctdoiado,  and  63  Seventh  Arenn^ 
Brooklyn,  N.  Y. 

Raymond,  Alfred,  Ph.  B.,  

133  Henry  Street,  Brooklyn,  N.  Y. 

Raymond,  Wm,  O,,  Ph.  B.,  

31  East  89d  Street,'  New  York  Ci^. 

Reed,  William  Bell  Stf^ben,  E.  H., 

Helena,  Uont. 

Reca,  B.  F.,  E.  H., 

Chattanooga,  Tenn. 

Reese,  William  W.,  A.  B.,  E.  E,, 

New  Hambo^,  N.  Y. 

Regan,  Geo.  W.,  R  E 

362  Begraw  Street,  Brooklyn,  N.  Y. 

Rennard,  John  C,  E.  E., 

302  W.  Seventy-thiTd  Street,  New  York  aty. 

Reynolds,  M.  T.,  A.  B.,  Ph.  B., 

96  Colombia  Street,  Albany,  N.  Y. 
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fiiohmond,  WilliMU  Thomas,  Ph.  1 


>a  Street,  New  York  City. 

Riedel,  A.  E.,  E.  E., 

146  Delanay  Btreet,  New  York  City. 

Biggs,  Geo.  Wssbingtoii,  Fb.  B., 

Summit,  N.  J. 

Bittenhoosa,  CharlesT.,  E.  E., 

247  W.  138  Btreet,  New  Yoric  Ci^. 

Roberta,  Arthur  Carr,  E.  M., 

Address  ankaowD. 

Koberts,  Grade  Sayre,  E.  M.,  C.  £ 

Sewer  Bnreaii,  Dept  City  Works,  Brooklyn,  N.  T. 

Bobertson,  Kenneth,  E.  H., 

General  MansKer  West  Superior  Iron  Mrf  Steel  Co.,  W.  Superior,  Wis. 

Bobertson,  Richard  Bpotswood,  Jr.,  E.  U., 

JaclcBOD,  Hinn. 

Bolnnson,  F.  G.,  E.  E., 

Superintendtnt  Amsterdam  Street  Boilway,  Aiiurt«rdam,  N.  Y. 

BoMoson,  Heniy  Alvord,  Ph.  B., 

Lawyer,  ISO  Broadway,  New  York  Ci^. 

Rogers,  Charles  Louis,  E.  M.,  C.  £ 

833  Broad  Street,  ChattaDooga,  Tenn. 

Rood,  E.  G.,  Ph.  B., 

Care  Piof.  O.  N.  Rood,  Columbia  Univenity,  New  YiH'k  City. 

Eon,  William  Coleman,  C.  E.,  £.  U., 

Address  nnknown. 

Rutherford,  Lewis  Ht^kins,  E.  M., 

Fisnklin,  Pa. 

Saodeie,  Wilbur  .Edgerton,  E.  H^ 

Mine  Supt.,  Ewiog  and  Seveatb  Avenue,  Helena,  Mont. 

Savage,  Seward  Herrill,  C.  E., 

2260  Padfio  Street,  Brooklyn,  N.  Y. 

Sawyer,  Charles  Pike,  Ph.  B.,    .  .  

Address  nnknowo. 

Sergeant,  E.  M.,  E.  E., 

Summit,  N.  J. 

Shaok,  Albert  P.,  E.  M., 

Address  unknown . 

Berber,  David  C,  C.  E., 

271  East  Broadway,  New  York  City. 

Sherman,  C.  F.  G.,  C.  E. 

1136  Seventh  Street,  Bois^  City,  Idaho. 

Shire,  Edwd.  L,  Ph.  B„ 

109  East  61et  Street,  New  York  City. 

Shope,  Henry  Brengle,  Ph.  B., 

19  Weet  Thirty-«econd  Street,  New  York  City. 

Skidmore,  Samuel  Tredwell,  A.  B.,  Ph.  B 

71  West  Fiftieth  Street,  New  York  aty. 

SUohter,  W.  I.,  E.  E 

187  W.  Seth  Street,  New  York  City. 
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Bloooe,  ThoiDBB  O'CoDDor,  A.  B.,  A.  M.,  E.  M..  Ph.  D.,    . 
SoDth  Orange,  N.  J. 

Small,  Fnuklin  Hanrioe,  Pb.  B., 

Architect,  199  Seoond  Avenne,  New  York  City. 

Smeaton,  Willifttn  Henry,  C.  E.,  E.  M., 

IS  Bomtio  Street,  New  York  Citj. 

Smedberg,  Eenry  Ashton,  A.  B.,  C.  E., 

347  Fifth  Avenue,  New  York  Ci^. 

Smith,  H,  A.,  Ph.  B., 

460  West  Forty-fourth  Street,  New  York  City. 

Smith,  Muwell,  C.  E 

Adon  Smith,  8  Bridge  Street,  New  York  Cily. 

Smytb,  Roland  HnlTill,  KM.,  C.E., 

452  Prodnoe  Endiaiige,  New  York  City.     1879  b>  date,  hanker  and  broker. 

Bpeyers,  CUreDoe  Livingeton,  Ph.  B., 

AnodMte  Piotesior  Cbemiatry,  Bntgers  Collie,  New  Bmnawick,  N.  J. 

Stallnecht,  Fiedoiok,  E.  M., 

Editor,  11  Bond  Street,  New  York  City. 

Starr,  Henry  Fowler,  Ph.  B 

91  Mt  Pleasant  Avenne,  Newark,  N.  J. 

Steen,  Jamei  Rioh.  Ph.  B., 

10  East  Thirty-eighth  Street,  New  York  City. 

Stem,  Henry,  Pb.  B., 

330  E>«t  S9th  Street,  New  York  City- 

BtMinam,  J.  L.,  Ph.  B 

31  W.  Ninety-fifth  Street,  New  York  Oty. 

Sterena,  Alexander,  C-  £., 

No.  1  Newark  St,  Hoboken,  N.  J. 

Stewart,  Hnnter,  £,  M., 

AddreM  unknown. 

St.  John,  Tbonuw  Matthew,  Het  Eng. 

New  York  aty. 

Stongbton,  Artiinr  Alexander,  Pb.  B., 

1085  WaahiB|;bon  Avenne,  New  York  City. 

Ston^ton,  Charles  William,  C.  E. 

lees  Waihington  Avenne,  New  York  City. 

Stratton,  Alex.,  E.  E., 

2013  Fifth  Avenne,  New  York  City. 

Strieby,  William,  A.M.,  E.M 

Prc^owir  of  Metallargy  and  AMaying,  Colorado  College,  Colorado  Spring*,  C 

Btront,  William  Allen,  Fta.  B., 

3ee  Carlton  Avenne,  Brooklyn,  N.  Y. 

Snydam,  John  lUobard,  Jr.,  E.  M., 

14  Eart  Forty-flret  Street,  New  York  City. 

Tachan,  Wm.  O.,  Ph.  B. 

Loniaville,  Ky. 

Teoni)le,Gei»igeF.,Ph.  B., 

Central  Lard  Co.,  519  West  Thirty-third  Street,  New  York  City. 

Tbomae,  Franz  Charles,  Pb.  B., 

Addrcs  unknown. 
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TbompMn,  Hilton  strong,  Ph.  B., 

Chemiat,  Newburyport,  Mmn 

ThompMU,  S.  C,  A.  B.,  E.  H., 

OnwVaUey,  NerkdaCo.,  Qd. 

Ttawne,  WillUin  Linooln,  Ph.  B. 

S3  High  Stmt,  Yonken,  N.  Y. 

Tbyng,  Wm.  S.,  B.  H., 

Decrfldd,  Umb. 

Tilghman,  H.  A.,  E.  H., 

8aiuUt«,  Cnl. 

Tooh,  Max  B.,  Ph.  B. 

34  W.  OSd  Street,  New  York  at;. 

Tompkins,  J.  A.,  Ph.  B., 

Addr«M  nnkoowD. 

Totten,  GeOTgeOBklfy,  Jr.,  Ph.  B.,  (1892) 

62  North  Eleventh  Street,  Newark,  N.  J. 

Tono(!7,  Donald  Bntler,  LL.  B.,  E.  H., 

743  Maduon  Avenuf ,  New  York  Cit?. 

Towart,  Jaracs,  C.  E., 

Bos  296.  PeekBklll,  N.  Y. 
Trowbridge,  Samuel  Breck  Parkman,  A.  B.,  Ph.  B., 

Arahiteot,  7  East  Fortj-aizth  Street,  New  York  Cit;. 

Tubby,  J.  T.,  Jr.,  Ph.  B., 

67  Willow  Street,  BrooUyD,  N.  Y. 

Tnoker,  Allen,  Ph.  B 

80  Waahingtan  Bqnare  E.,  New  York  City.  . 

Taoker,  JtriiD  Eeary,  Fb.  B.,  Pb.  D., 

Globe  SineltiDg  and  Refiaing  Co.,  Denver,  Colo. 

Tnttle,  W.,  Ph,  B., 

620  Summer  ATCnne,  Newark,  N,  J. 

Tuttle,  William  W.,  E.  H., 

Springfield,  TAo. 

Ilhlig,  Wm.  C,  Pli.,-B. 

229  E.  12th  Street,  New  York  aty. 

Van  Benthuyaen,  Boyd,  Ph.  B., 

Albany,  N.  Y. 

Van  Bcakerok,  Bobert  Ward,  E.  H., 

AriiBt,  58  Wwt  Fifty-wrenth  Street,  New  York  City. 

Van  Brnnt,  Artiinr  Hoffman,  Ph.  B 

Arahiteot,  54  Wall  Street,  New  York  Cftj. 

Van  iDgen,  Dudley  Arthur,  Ph.  B., 

135  Heniy  Street,  Brooklyn,  N.  Y. 

Voii  Lennep,  David,  E.  M. 

Aubom,  Piaoer  Coantiy,  Cal.    Fruit  ranob. 

VanGeldet,  A.  P.,Ph.  B., 

Calekill,  N.  Y. 

Van  Vlwh,  J«.,  Jr.,  Pb.  B., 

HoDtclaire,  N.  J. 

Vanderbilt,  W.  D.,  C.  E., 

44  Monroe  Plaoe,  Brooklyn,  N.  Y. 
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VataW*^  J. 'J.,  Ph.  B., 

89  Water  Btieet^  New  Vork  City. 

Wainwiight,  BiohBid  llglie,  C.  E., 

Ry*,  N.  Y. 

Wollaoe,  Willtam  J.,  Ph.  B., 

WtaitcBtone,  N.  Y. 

WallbTidge,  FrederitJi  Kiddei,  E.  H., 

37  Ninth  Avanne,  BrookljD  N.  Y. 

Walker,  Joaeph,  Jr.,  C.  E. 

112  Eart  Thlrty-aeventh  Street,  New  York  City. 

Wnnier,  Albert'George,  Fb.  D., 

EreiriMrvUle,  Staten  laland,  N.  Y. 

Ward,  Norbert  EdUieni,  E.  M., 

Moigan  Fnm.  Co.,  1160  Broadway,  New  York  (.Hty. 

Ware,  F.  B.,  Ph.  B., 

1S86  Uadiacm  Avenne,  New  York  City. 

Warren,  Charles  Peek,  Ph.  B,,  A.  M.  (1892), 

280  Clifton  Plaoe,  Brooklyn,  N.  Y. 

Waixen,  Lloyd,  Ph.  B., 

S20  Filth  Avenue,  New  York  City. 

Watednuy,  Comdioa  Beed,  C.  L.,  C.  E.,  LL.  B 

Lawyer,  46  Broadway,  New  York  City. 

Wateifl,  GeoigeSaflord,  Ph.  B., 

Aniiiteol,  Aadrawa,  Watei»  &  Sherwin,  42  W.  Forty-third  8t  N.  Y.  aty. 

Webb,lHeiu7  Walter,  E.  M-,  LL.  B., 

Third  Vic»-Preaident,  N.  Y.  C.  &  H.  B.  B.  B.,  and  15  Weat  Forty-eerenth 
Street,  New  York  aty. 

Wel^  D.  C,  E.  E.,  A.  B., 

109  Willow  Street,  Brooklyn,  N.  Y. 

WelB,'Paid  a,  E.  M.,  B.  8., 

Boeton  &  Montaiu  Co.,  Great  Falls,  Hont. 

Welsh,  Howard  Farrington,  E.  M 

Mingo  Monntain  Coal  and  Coke  Co.,  Hartnuitt,  Tenn. 

Werner,  Henry  Clay,  Ph.  B., 

120  East  Sixty-filth  St.,  New  York  City. 

Wetmore,  Edwin  Atwater,  E.  H., 

lion  Merohant,  Mai^oelte,  Mioh. 

Wheallay,  Joseph  Yendea,  C.  E., 

Whitesboro,  N.  Y. 

Wyte,  Wm.  Sherf,  E.  H., 

430  Gold  Street,  Brooklyn,  N.  Y. 

Whitman,  Edmnnd  Pineo,  E.  H 

50  Beaeon  Street,  Bosttm,  Mass. 

Williams,  Fredeiiok  Harrison,  £.  M., 

BiTerdde  Iron  Works,  and  34  Virginia  Street,  Wheeling,  W.  Va. 

Wilson,  Clarenoe  Edgar,  Ph.  B., 

Address  unknown. 

Windeeker,  Clifton  Nicholas,  C.  E., 

33  Sidney  Place,  Brooklyn,  N.  Y. 

Witberel,  Chaa.  B.,  Met  E., 

Qreenwiob,  Conn. 


)Oiil' 


.c^lC 
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Wood,  Oeoise  E.,  E.  H.,  Ph.  B., .IBM 

AnihitMt,  63  William  Street^  New  York  atj. 

Woodnifl,  Geo.  W.  L.,  Ph.  B.,  E.  E., IBM 

07  East  22d  Street,  New  York  Qty. 

Wright,  Albert  Allen,  A.  M.,  Ph.  B. 187$ 

Profemn  of  Oeolcgy  tuid  Natarsl  fiiaUnj,  Oberlin  College  Ohcrlin,  Ohio. 
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Alabama. — Benry  EUm,  J.  J.  Ormsbee ;  TWcofooM,  S.  Friednuui. 
Arizona — Oongren,  W.  F.  Btaonton  ;  Sarqua  Hala,  B.  U.  Baymood ; 

Pearce,  O.  F.  Beokhart. 
California.  -JBodie,  B.  Q.  Brown ;  Lot  AngOet,  W.  F.  Brugnuui ;  iVopa 
CUjf,  E.  Ooodwin ;  Palo  Mui,  L.  B.  Lenox ;  San  Rwusiteo,  L.  C. 
Easton,  D.  E.  UbUIb,  E.  C.  Tan  Blarcom  ;  iSU&y,  E.  y.  Engelhardt  ^ 
Stockton,  E.  F.  Haas. 
Colorado.— .Aspm,  G.  W.  Miller;  Btntlder,  B.  C.  HinmaD ;    Colorado 
^)Hnfii,  W.  E.  Newbeny ;  Create  BttOe,  Frederick  Baylea ;  Or^apie 
Creek,  F.  C.  Hamilton ;  Denver,  H.  V.  F.  Farman,  M.  W.  liee,  C. 
F.  Laoombe,  B.  B.  Lawrence,  O.  A.  Sohroter,  T.  B.  Steanu,  F.  H. 
Thomas,  E.  IS.  Tan  Gortlaudt,  T.  F.  Van  Wagenen ;  Durango,  E.  J. 
H.  Amy ;  Olmunod  Spriiigi,  W.  B.  Devereuz ;  LeadvUU,  Geo.  B. 
Lee,  E.  H.  Meesetor ;  Pudlo,  A.  B.  Dwight,  E.  G.  Eddy,  H.  E. 
Filera,  M.  B.  Holt ;  State  ColUge,  M.  G.  Ihlaeng ;  TeUuride,  T.  F. 
Von  Wagenen. 
Conaectlcut—CoHituvilU,  W.  :mu. 
DtlKwan.— Wilmington,  H.  O.  Haskell. 

District  of  Columbia. — Watkington,  E.  C.  Barnard,  J.  S.  Coz,  Jr.,  E. 
.   M.  Douglas,  A.  W.  Dow,  H.  W.  Durham,  W.  T.  Griswold,  H.  Hol- 
lerith, F.  W.  Tower,  W.  H.  Weed,  B.  Willis,  H.  M.  Wilson. 
Qeorcia.-— Sinunnah,  D.  B.  Falk. 

Illinois Carthage,  J.  G.  Ferris ;  Chicago,  E.  G.  Barmtt,  S.  S.  Fowler, 

H.  L.  Hollia,  G.  L.  Miller,  8.  B.  Peck,  F.  B.  F.  Bhodes,  W.  H.  Van 
Arsdale,  L.  Wampold  ;  Aurora,  F.  H.  Jobbins. 
Idaho. — Moaeow,  E.  Ooodwin ;  Sockg  Bar,  E.  G.  Koch. 
Indiana. — Indianapolia,  B.  J.  T.  Jeup ;  JfuncM,  J.  B.  Bfarsh. 
Indian  Territory — SarUkom,  E.  Ludlow. 

Iowa. — Davenport,  F.  P.  Bemis,  £.  Qudeman ;  OOumwa,  B.  S.  Bice. 
Kansas. — Argentine,  H.  Garllciis. 

Louisiana New  OrUane,  A.  L.  Black,  O.  S.  Eastwlck,  E.  P.  Eastwick. 

riaryiand Baltimore,  A.  L.  Walker ;  Gleneoe,  E.  A.  MoGnlloh. 

riassacbusetts Boston,  Francis  Blossom,  C.  B.  Harte,  A.  J.  Haln- 

fcoff  i  CawMdge,  J,  A.  Noyes ;  New  Bedford,  N.  Hathaway,  W.  F. 
Williams;  ^pnngfield,  L.  J.  Powers. 
nichlKan.— ffimffWon,  R.  M.  Edwards,  F.  McM.  SUuiton  ;  MarquetU, 

R.  A.  Parker ;  Trenton,  E.  D.  Church ;  Vidcan,  W.  Kelley. 
rUnneSota.  -lUnnet^U,  W.  B.  Appleby,  F.  W.  Denton ;  Sondon,  C. 
B.  Crowell. 

nissouri Carthage,  A.  O.  Ihlseng;  De  Solo,  O.  M.  Munroe ;  Poplar 

Bluff,  E.  A.  Harris  ;  St.  Louie,  W.  B.  Potter,  E.  Starek,  A.  Thacher, 
H.  A.  Wheeler. 
Montana.— foreman,  F.  W.  Traphagen  ;  BMe,  F.  Sands  ;  Oreat  FaOi, 
F.  Kleptko  i  Belena,  W.  H.  Aldridge,  H.  M.  Gole,  P.  A.  L.  Mann- 
helm,  J.  B.  Parks,  C.  F.  Pearis ;  SmeUer,  A.  F.  Emrich,  F.  M.  Smith- 


Ill 

Nevada— Delantar,  K.  NicholB. 

New  Jersey.— Baymne,  C.  P.  Bleecker;  Bloomfitld,  N.  Butler,  Jr. ;  Do- 
ver, F.  A.  Ganfield;  Eagtewood,  Vf.  W.  Burritt;  Fort  Lee,  G.  O. 
Maaea ;  Bigh  Bridge,  C.  L«  Boutilli«r  ;  J«rMy  CUy,  J.  B.  BioiOD,  W. 
F.  Downs ;  F.  C.  Hcllhiaey,  H.  PinkhBiu,  B.  H.  Vondy ;  Memo- 
TWteek,  F.  P.  Smith ;  ifourcr,  C.  H.  Joaet ;  Mbrriiloum,  J.  B.  Brin- 
ley,  J.  P.  Pennington,  J.  F.  Bandolph ;  Nemirk,  H.  G.  Atba,  G.  A. 
ColtoD,  C.  E.  OrafT,  A.  W.  Jenk,  F.  W.  Ktnaey,  Jos.  Lowenstine, 

E.  Herz,  H.  M.  Morphy,  O.  G.  Ston«,  F.  Yuiderpoel,  E.  Waller, 
W.  Wiener  ;  New  Brutuwiei,  A.  H.  Cheater,  W.  D.  Home ;  Orange, 
R.  K.  MoBley ;  Pateaic,  E.  W.  Ouiterman ;  PaUrion,  L.  D.  Hun- 
toon;  Perth  Amboy,  S.  F.  EaasiB,  A.  F.  Schneider;  i^unjMd,  F. 
A.  Coke^r;  iVtncelon,  H.  B.  Cornwall;  SouA  Ortmge,  E.  D.  Self; 
IVmUon,  J.  H.  Janeway,  F.  E.  I^erce ;    Waveiiy,  A.  0.  Langmnir. 

New  York^^Jiony,  F.  J.  H.  Merrill;  BroMyn,  R.  L.  Allen,  P.  T.  Aos- 
ten,  G.  W.  Behnnaa,  O.  Berry,  F.  Blotnom,  D.  D.  Book,  G.  H. 
Camm^or,  J.  B.  Cox,  E.  P.  Clark,  J.  T.  Corcoran,  J.  A.  D^Juife, 

F.  D.  Dodge,  H.  W.  Durham,  W.  L.  Dusenberry,  L.  G.  Engle,  E. 
P.  Folger,  A.  D.  Granger,  8.  A.  Goldschmidt,  W.  A.  Herkenwtatb, 
J.  M.  Hewlett,  E.  D.  Hurlburt,  F.  S.  Hyde,  W.  D.  Jones,  F.  Ly- 
man, J.  H.  Herrett,  W.  VL.  Heeerole,  J.  Kiddleton,  J.  Neemith,  T. 
8.  Perkine,  F.  E.  Fierce,  W.  E.  Preston,  H.  A.  Prosser,  A.  J.  Pro- 
vost, C.  B.  Rowland,  G.  Rowtand,  B.  Seldver,  W.  W.  Share,  L.  B. 
Shattnck,  E.  Skinner,  G.  C.  Sonthard,  G.  A.  Tibbals,  8.  G.  Tibbale, 
W.  L.  l^ler,  W.  B.  Vanderbilt,  E.  Van  Dyck,  G.  J.  Volckening, 
E.  B.  Von  Nardroff,  H.  V.  Walker;  Buffalo,  E.  L.  Ingram ;  Ckae- 
mvia,  H.  Burden,  2d  ;  Ui/lon,  F.  B.  Lord  ;  Clinton,  C.  H.  Smyth  ; 
Ftathing,  M.  T.  Bogert ;  Laurel  Hill,  W.  C.  Fei^uson ;  Loemt  Voi- 
le]/, L.  H.  Vaile ;  New  Brighton,  A.  Hollick,  W.  B.  Johnson ;  New 
BocheUe,  L.  F,  De  Luze,  F.  P.  Smith  ;  New  York  CUy,  F.  E.  Agra- 
monte,  B.  W.  Andrews,  L.  A.  Ansbacher,  A,  Anthony,  B.  W.  Balch, 
W.  U.  Baldwin,  J.  H.  Banks,  L.  H.  Bamett,  G.  S.  Baxter,  Chas. 

A.  BechBtein,  A.  L.  Beebe,  W.  L.  Benedict,  F.  P.  Benjamin,  31. 
Beqjamin,  8.  D.  Benoliel,  W.  G.  Berry,  J.  B.  Bien,  A.  Black,  £.  U. 
BUke,  O.  Bodelsen,  W.  Boecklin,  Jr.,  B.  Bookman,  B.  £.  Booraem, 
R.  C.  Boyd,  8.  B.  Bradley,  N.  L.  Britton,  H.  D.  Brewster,  F.  X. 
Broenan,  F.  G.  Brown,  W.  Bryce,  C.  B.  Backley,  A.  L.  Sums,  E. 

B.  Bush,  N.  Butler,  W.  P.  Butler,  L.  B.  Gady,  A.  Galman,  E.  P. 
Casey,  J.  P.  Gareon,  J.  B.  Cauldwell,  C.  F.  Chandler,  J.  P.  Cban- 
ntag,  J.  A.  Church,  A.  J.  Glark,  Edmund  Clark,  G.  H.  Clark,  C.  E. 
Colby,  S.  B.  Colt,  H.  C.  Cornwall,  F.  B.  Oroker,  A.  E.  Cushman, 
H.  G.  Darwin,  C.  H.  Davis,  J.  W.  Davis,  J.  A.  Deghnee,  A.  P.  Dela- 
field,  Ghas.  J.  Derleth,  C.  F.  Dolan,  H.  E.  Donnelly,  J.  8.  Douglas, 
Charles  Drasel,  D.  Le  R.  Dresser,  I.  W.  Drummond,  £.  K.  Dun- 
ham, B.    H.  Dutcher,  W.    G.  Eberbardt,  T.  E^leston,  A.  H.  El- 
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lloU,  W.  Elliott,  L.  V.  Emanuel,  I.  X.  Evans,  O.  E.  Ftibjt, 
P.  Le  B.  Fearn,  C.  F.  Fenw,  H,  Fenchtwanger,  W.  Ftoher,  F. 
W.  Floyd,  E.  G.  Foster,  A.  E.  Foy^  J.  W.  Frank,  W.  H.  FreedmaQ, 
8.  D.  Oifibrd,  A.  C.  Gilderaleeve,  8.  A.  Goldschmidt,  E.  B.  Qoeling, 
L.  F.  Orataoap,  A.  D.  Granger,  J.  L.  Greealeaf,  8.  P.  Qrlffln,  L.  N. 
Grow,  £.  Gademan,  E.  W.  Guitemian,  L.  F.  Hafibn,  A.  W.  Hale, 
B.  W.  Hall,  A  P.  HaUock,  A.  W.  HankinBon,  B.  C.  Hanson,  G.  E. 
Harding,  O.  B;  Egbert,  A.  M.  Heinsheimer,  H.  H.  Hendricks,  W.  E. 
Hildreth,  F.  N.  Holbrook,  E.  G.  Holden,  E.  H.  Boldan,W.  A. 
Hooker,  F.  F.  Hunt,  F.  B.  Huttou,  H.  St.  J.  Hyde,  0.  Jackson, 

D.  M.  Jacobs,  8.  J.  Jacobs,  G.  P.  Can-,  J.  C.  Kastner,  J.  F.  Kemp, 
G.  T.  Elrby,  H.  S.  Elasam,  E.  C.  Koch,  J.  J.  Koen,  Vf.  B.  Kunhardt, 
J.  Lahey,  J.  8.  Langthom,  D.  G.  Leary,  G.  Leaiy,  £.  J.  Lederle, 
A.  B.  Ledoux,  A.  L.  Levy,  E.  W.  Ub^re,  A.  Llebmann,  Henry 
LIpps,  Jr.,  W.  P.  Uttle,  A.  B.  Livingston,  E.  G.  Love,  Frank 
Ludlam,  L.  Ucl.  Luquer,  T.  T.  P.  Luquer,  O.  Luak,  B.  C.  Uc- 
Caflfery,  C.  F.  McKenna,  B.  A.  McKim,  J.  Maclay,  H.  T.  Ma«Kaye, 

A.  8.  Mahony,  L.  F.  Uassa,  E.  E.  Mayer,  C.  8.  McLoughlin,  H.  C. 
Hanofaeim,  L.  Marie,  E.  W.  Martin,  L.  F.  Massa,  F.  C,  A.  Meisel, 
H.  H.  B.  Meyer,  E.    H.    Miller,  B.  P.   Miller,  J.  T.    Monell,  H. 

B.  Montenegro,  D.  E.  Moran,  W.  F.  Morgan,  B.  £.  Mosley,  A.  J. 
Moses,  Bobert  Mulford,  George  Mailer,  H.  S.  Munroe,  G.  E.  Muo- 
sell,  J.  G.  Murpby,  K.  Neitel,  William  Newbrough,  D.  H.  Norris, 

E.  L.  Newhouse,  A.  0.  Nye,  M.  J.  O'Connor,  T.  D.  O'Connor, 
Charles  Of,  E.  E.  Olcott,  Max  Osterberg,  F.  N.  Owen,  A.  McC. 
Parker,  H.  C.  Parker,  C.  F.  Parraga,  Henry  Parsons  W.  B.  Par- 
sons, C.  Q.  Payne,  Robert  Peele,  C.  E.  Pellew,  C.  P.  Pengnet,  Geo. 
Perrine,  J.  P.  Penulugton,  W.  Plstor,  L.  Pltklu,  H.  H.  Porter,  Jr., 
A.  8.  Post,  A.  V.  Z.  Post,  F.  Powell,  W.  E.  Pr«3ton,  J.  C.  F.  Ran- 
dolph, R.  Raynor,  8.  A.  Reed,  J.  K.  Rees,  G.  Renault,  J.  M.  Rich, 
P.  de  P.  RickettB,  T.  W.  Ridsdale,  H,  Rles,  Chaa.  Rodenburg,  F. 
Boeser,  O.  L.  Rogers,  A.  Rosenthal,  F.  Riipp,  F.  M.  Rutherford,  F. 
Buttman,  A.  M.  Ryon,  E.  E.  Sage,  F.  A.  Bcfaermerhom,  W.  J. 
Schiefltein,  J.  L.  Schroeder,  C.  H.  Schumann,  C.  D.  Searle,  J.  6. 
Seligman,  John  Seward,  F.  D.  Sherman,  H.  T.  Shriver,  F.  M. 
Bimonds,  A.  Smith,  L.  Smith,  W.  A.  Smith,  W..F.. Smith,  T.  E. 
Snook,  A.  N.  Spooner,  J.  H.  Stewart,  J.  Stnithers,  G.  A.  Suter, 
J.  B.  Taylor,  H.  C.  Thompson,  W.  H.  Titua,  E.  DeV.  Tompkins, 
G.  F.  Townsend,  G.  F.  D.  Trast,  G.  R.  Tuska,  £.  G.  Tuttle,  A.  H. 
Van  Sinderin,  £.  Van  Volkenburgh,  H.  T.  Vnlte,  J.  H.  Wainwriglit, 
W.  H.  Weeks,  H.  McM.  Welsh,  J.  8.  C.  Wells,  William  Y.  Wester- 
velt,  R.  D.  White,  T.  G.  White,  H.  P.  Whitlock,  F.  G.  Wieohmann. 
J.  T.  Williams,  C.  A.  Wittmack,  I.  H.  Woolson,  E.  L.  Youog; 
Niagara  Path,  E.  Z.  Burns,  W.  8.  Humbert;  NorlhpoH,  W.  H.  In- 
geraoU ;  Onlario,    E.    M.    Parrot ;  Oyaler  Bay,  D.    Le  R.    Dresser; 
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Foughkeepaie,  A.  E.  Tover ;  Raeheater,  H.  F.  Gillette,  T.  Nolan  ; 
Eo7\dout,  Edward  Coykendall ;  StAen«etady,  M.  L.  Mora ;  Sing  Siitg, 
W.  8.  Page  ;  Smitfuloum,  J.  H.  B.  Browning ;  jS^yfen  Dttj/vil,  E.  M. 
Johnson,  O.  H.  Johnson,  I.  B.  Johnson,  L.  B.  Longacre ;  SUUen 
Iiland,  Q.  F.  D.  Traak ;  SUrUngtm.  Wm.  Clark ;  Syraeute,  H.  B. 
Bellinger,  W.  N.  Taintor ;  Tarrj/town,  F.  N.  Holbrook,  L.  B.  Long- 
acre  i  Tieondenga,  F.  C,  Hooper ;  Tuxedo  Fork,  E.  N.  Van  Cort- 
landt ;  VUea,  Q.  W.  Williams ;  WettchaUr,  T.  H.  Harrington ; 
Weit  Nyack,  8.  O.  Miller ;  White  Ptaim,  R.  E.  Slade ;  WkUeetone, 
W.  J.  Wallace,  D.  W.  Ward ;  Whilerione  Landing,  R.  D.  Godley, 
Jr.;  yimken,  8.  W.  Baloh,  W.  D.  Hoi^ie. 

North  Carolina, — Charlotte,  S.  W,  Cramer,  O.  B.  Hanna ;  Wilmington, 
P.  S.  Clark. 

Oblo. — Cineinnaii,  David  Foerster,  C.  B.  Going;  Cleveland,  R.  F.  Jop- 
ling,  R.  B.  Wateon ;  Marietta,  C.  G.  Black ;  Sandueky,  S.  B.  Ifew- 
burg. 

Pennsylvania.— AUeghenf,  G.  H.  Singer,  L.  Werthelmer  ;  AnMer,  K 
Luttgen ;  Apatlo,  T.  M.  Hopke ;  South  Bethlehem,  A.  L.  Colby  ; 
Chamberdmrg,  T.  J.  Brereton  ;  McKeetpart,  T.  Tonbel6  ;  Nem  Boeton, 
3.  E.  Jones ;  New  Castle,  E.  L.  Kurtz ;  Oeeeola  MiUa,  Q.  McG.  H. 
Good ;  Philadelphia,  E.  A.  Congdon,  R.  Lahey,  8.  M.  Lillie,  Charles 
Plez ;  Pittaburg,  J.  8.  Cox,  W.  L.  McConway,  R.  Q.  G.  Moldehake, 
G.  8.  Page,  C.  A.  Painter,  G.  E.  Paint«r,  G.  Singer,  Jr.;  Seranlon, 
J.  T.  Beard;  Wilkesbaire,  Mac  Dobbins,  B.  V.  A.  Norria  ;  Wyncole, 
E.  Lnttgen. 

Rhode  Island — Providence,  Carl  Barua. 

Tennessee — OalUUin,  A.  J.  Lamb. 

Texas — Eagle  Fobs,  W.  HoIIins  ;  Shafler,  W.  8.  Noyee. 

Utah. — Jensen,  A.  G.  Johnson ;  Sandy,  L.  H.  If  orton  ,  Salt  Lake  City, 
T.  S.  Mathias,  R.  H.  Terbane,  W.  A.  Wilson. 

West  Virginia — Franklin,  T.  W.  Osterheld. 

Wlsconsin.—^urby,  G.  H.  Abeel. 

Wyomine.^Rav>line,  C.  E.  Blydenburgh. 

W^ashlngton — Everett,  W.  C.  Butler ;  Taooma,  G.  F.  Milliken  ;  ^>o- 
kane,  J.  L.  Warner. 
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OUT  OF  THE  UNITED  STATEa 
AFRICA. 
South  Africa  KfipubUc—Johatmethirg,  B.  P.  Carter,  T.  H.  L^gett, 
H.  C.  Mftnnheim,  E.  D.  Self,  F.  M.  Watern,  B.  A.  WilWe. 

ASIA. 
Japan.— Tbfcio,  E.  L.  Young. 

AUSTRALIA. 
Kaleoorlle — J.  R.  M.  RBymond. 
New  South  Wales.— Randolph  Adanu. 
Port  Plrie.— H.  W.  LeavMiB. 

OREAT  BRITAIN. 
London. — C.  M.  Rolker. 

NORTH  AriERICA. 
Canada — Ntbon,  B.  a,  e.  B.  Fowler ;  Northporl,  B.  C,  E.  H.  Wede- 
kind ;  MoiUreal,  C.  E.  QudowJll,  J.  B.  Porter ;  Nova  Scotia,  London- 
derry, C.  A.  MeifisDer ;  Quebec,  R.  D.  Rhodes. 

SOUTH  AnERICA. 

BraziL — Jtio  de  Janeiro,  John  Gordon. 

Republic  of  Columbia.— JTedoUin,  C.  C.  Reatrepo ;  Tunaeo,  W.  B. 
McKinley,  L.  Whiting. 

CENTRAL  AMERICA. 
Cuba — Clardenag,  D.  L.  Clark  ;  Oie^fuegoi,  A.  C.  Fowler. 
Ouatemala — Queztdlenang,  J.  F.  Hawley. 
Honduras — Teffwrfjrofpa,  E.  C.  Fialloe. 
Mexico^Chihuahva,  T.  S.  Austin,  G.  B.  Lee ;  Oily  of  Mexico,  Y.  H. 

Braschi ;  Ooakuila,  E.  L.  Dufouroq,  Gomez  Farias ;  Sinaloa,  A.  K. 

Swain ;  Tapachula  C^iopaa,  J.  A.  Navarro ;  Ooneepeion  del  Oro,  A. 

W.  LUliendahl,  F.  A.  LlUiend^l ;  Hidalgo,  E.  C.  Yan  Blarcon) ; 

Monterrey,  E.  Howe ;  Pu^la,  T.  W.  Osterheld ;  Zacatecae,  B.  Yeizu. 
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CONSTITUTION 

OF  THE 

ASSOCIATION  OF  THE  ALUMNI 


School  of  Mines  of  Columbia  College. 


INCORPORATED  MAY,  1B86. 


ARTICLE   I.      , 

NAME. 

The  name  of  tius  Asaociadon  is  "  The  Association  of  the  Alumni 
of  the  School  of  Mines  of  Columhia  Coll^^." 
ARTICLE  II. 

OBJECT. 

The  object  <^  this  Association  ie  to  promote  tlie  professional  wel- 
fare of  its  members,  and  to  strengthen  the  bonds  of  profesntaial  and 
social  fellowship  among  the  AlnmnJ  of  the  School  of  Minee. 
ARTICLE  III. 

MEMBERS. 

Section  1 .  The  membership  of  this  Association  shall  be :  I. 
Active.     II.  Associate.     III.  Honorary. 

Sec  2.  All  graduates  of  the  School  of  Mines  are  eli^ble  to  ac- 
tive membership  in  this  Association. 

Sec.  3.  Persons  who  have  completed  any  of  the  special  or  grad- 
uate courses  of  the  School  of  Mines  are  eli^ble  to  associate  member- 
ship in  this  Association. 

Skc.  4.  Persons  eminent  in  science  who  are  or  have  been  con- 
nected with  the  School  of  Mines  dre  eli^ble  to  honorary  membership 
in  this  Association. 

Sec.  5.  All  members  shall  be  elected  by  the  Association  upon 
proposal  by  the  Board  of  Managers. 

Sec.  6.  Honorary  and  associate  members  shall  have  all  the  privi- 
leges of  active  members,  except  those  of  voting  and  holding  office. 
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ARTICLE  IV. 

DUES. 

8EC.  1.  The  annual  dues  of  active  and  associate  members  of 
this  Association  shall  be  three  dollars,  payable  in  advance  on  the 
first  day  of  October  in  each  year.  Honorary  members  shall  not 
be  required  to  pay  dues. 

Sec.  2.  Any  member  not  in  arrears  may  become  a  life  member, 
and  be  relieved  from  further  payment  of  annual  dues  by  the  pay- 
ment, at  any  one  time,  of  fifty  dollars. 

Sec.  3.  Members  one  year  in  arrears  may,  after  due  notification, 
he  dropped  from  the  roll,  by  vote  of  the  Board  of  Managers,  and 
shall  then  forfeit  their  rights  and  privileges  in  the  Association  until 
all  arrears  are  paid,  or  until  reinstated  by  the  Board. 

Sec.  4.  Only  those  members  not  in  arrears  shall  be  entitled  to 
vote  or  hold  ofBce. 

ARTICLE  V. 

OFFICERS    AND    HANAOER8. 

Sec.  1.  The  officers  of  the  Association  shall  be  a  President,  a 
Vice-President,  a  Treasarer,  and  a  Secretary.  These  officers  and 
eight  managers,  to  be  elected  aa  hereinafter  provided,  shall  consti- 
tute the  Board  of  Managers. 

Sec  2.  The  President,  Vice-President,  Treasurer  and  Secretary 

shall  bold  ofBcc  for  one  year,  and  are  eligible  for  re-election.     The 

Managers  shall  hold  office  for  two  years,  and  are  not  eligible  for 

re-election  until  one  year  after  the  expiration  of  their  terms. 

ARTICLE  VI. 

ELECnON   OF  OFF1CEB8  AHB  UANAGEBS. 

Sec.  1.  Before  the  last  day  of  June  of  each  year  the  President 
shall  appoint  a  committee  of  five  active  members  to  nominate 
for  election  by  tiie  Association  tor  the  ensuing  year  a  President,  s 
Vice-President,  a  Treasurer,  a  Secretary  and  four  Managers. 

Sec.  2.  The  Nominating  Committee  must  send  in  the  nomina- 
tions to  the  Secretary  not  later  than  October  16th  of  each  year, 
and  such  nominations  shall  be  distributed  at  once  to  the  active 
members  in  the  form  of  letter  ballots,  which  must  be  signed  and 
forwarded  to  the  Secretary,  and  opened  and  counted  by  tellers  at 
the  annual  meeting  of  the  Association. 
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Sec.  3.  The  officers  and  managers  mnst  be  residents  of  New- 
York  city  or  vicinity,  and  the  four  managers  shall  he  selected,  one 
from  each  of  the  four  groups  into  which  the  Board  of  Managers 
shall,  at  its  first  meeting  in  each  year,  divide  in  chronological  order 
the  classes  which  have  graduated  from  the  School  of  Mines. 
ARTICLE  VII. 

THE   BOAKD  OF  MANAQERE. 

Sec.  1.  The  Board  of  Managers  shall  have  the  management  of 
the  affairs,  funds  and  property  of  the  Association,  and  it  shall  he 
the  duty  of  the  Board  to  see  that  the  purposes  of  the  Association 
are  carried  out  acoording  to  its  Constitution  and  By-Laws. 

Sec.  2.  The  Board  of  Managers  shall  hold  at  least  four  r^ular 
meetings  during  each  year,  namely,  in  the  months  of  January,  May^ 
October  and  December.  Other  meetings  shall  be  called  by  th& 
President  as  may  be  required. 

Sec.  8.  The  Board  shall  have  power  to  fill  any  vacancy  in  its 
body  by  the  election  of  an  acdve  member  of  the  Asaociaticni  from 
the  group  in  which  such  vacancy  occurs. 

Sec.  4.  A  quorum  shall  consist  of  a  majority  of  the  whole  Board. 
AETICLE  Vin. 

PBESIDENT. 
It  shall  be  the  duty  of  the  President  to  call  and  preside  at  all 
meetings  of  the  Board  of  Managers  and  of  the  Association ;  to 
^point  such  standing  and  other  oonunittees  of  the  Association  as 
may  be  found  necessary  or  convenient  for  the  conduct  of  its  work, 
and  to  perform  such  other  duties  as  may  develop  upon  him  by 
virtue  of  his  office. 

ARTICLE  IX. 

TKEASUIIEB. 

It  shall  be  the  duty  of  the  Treasurer  to  collect  and  have  cus- 
tody of  all  moneys  and  pay  all  bills  of  the  Association,  but  no 
indebtedness  shall  be  incurred  unless  approved  by  the  Board  of 
Managers.  No  bill  shall  be  paid  nnless  previously  endorsed  by 
the  Secretary.  The  Treasurer  shall  present  to  the  Board  of  Man- 
i^ers  a  written  report  upon  the  financial  condition  of  the  Associa- 
tion at  the  annual  meeting  in  December.  His  accounts  shall  be 
audited  l^  a  OMnmittee  of  the  Association  appointed  at  the  annual 
meeting. 
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ARTICLE  X. 

8ECBETABT. 
It  shall  be  the  duty  of  the  Secretary  to  issue  notiGes  for  all  meet- 
logB  of  the  Board  of  Managers  and  of  the  Association,  to  keep 
mioutea  of  all  meetingB,  to  record  the  namea,  addreaaes,  and  pro- 
fesaional  occupations  of  the  members,  and  to  perform  such  other 
duties  as  may  be  assigned  to  him  by  the  Board  of  Managers. 
ARTICLE  XI. 

DELEGATES   TO   nNTVERSTTT  ALDMKI  COUMCIL. 

This  Association  shall  be  represented  in  the  UniTersity  Alumni 

Council  of  Columbia  Univeruty  by  delegatea  appointed  by  the  Board 

of  Managers,  under  such  conditions  and  in  such  manner  as  the  said 

Board  shall  prescribe. 

ARTICLE  XII. 

HEETmOS. 

Section  1.  The  ■"'"■i^l  meeting  of  the  Association  shall  be  held 
in  the  last  week  of  December  in  each  year,  unless  otherwise  ordered 
by  the  Board  of  Managers. 

Sec.  2.  Regular  meetings  of  the  Association  for  social  inter- 
course, or  for  the  discussion  of  subjects  of  general  or  of  profes- 
sional interest,  shall  be  held  in  the  city  of  New  York  at  such  time 
and  place  as  may  be  directed  by  the  Board  of  Managers. 

Sec.  3.  Upon  the  written  request  of  not  less  than  ten  active 
juembera,  the  President  shall  call  a  special  meeting  of  the  Associa- 
tion, which  request,  as  also  the  notioe  of  any  special  meeting,  shall 
state  the  object  for  which  the  meeting  is  called. 

Sec.  4.  A  quorum  shall  consist  of  thirty  active  members  of  the 
Assodation. 

ARTICLE  Xm. 

8U8FENBION    OB    EXPULSION. 

Any  member  of  the  Association  may  be  suspended  or  expelled 
for  misconduct  in  his  relations  to  this  Association  or  in  his  profes- 
sion on  proof  thereof  in  such  manner  as  may  be  prescribed  here- 
inafter by  By-laws. 

ARTICLE  XIV. 

All  interest  in  the  property  of  the  Association  of  persons  resign- 
ing or  otherwise  ceasing  to  be  members  shall  vest  in  the  Assoda- 
tiott. 
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ARTICLE  XV. 

AMENDHBKTS. 

Any  amendment  to  the  Constitution  must  first  be  submitted  in 
"wtiting  to  the  Board  of  Managers,  and  must  be  approved  by  a  Tot« 
of  two-thirds  of  the  whole  Board  before  presentation  to  the  Associa- 
tion. Due  notice  of  any  proposed  amendment  shall  be  sent  by  the 
Board  of  Managers  to  every  active  member  of  the  Association  at 
least  one  month  previoue  to  the  meeting  at  which  such  amendment 
is  to  be  voted  upon.  A  thre&-fourths'  vote  of  the  members  voting, 
in  person  or  by  letter  ballot,  shall  be  necessary  for  the  adoption  of 
«ucb  proposed  amendment. 

BY-LAWS. 

I.  Unless  otherwise  directed  the  Order  of  Business  at  any  meet- 
ing of  the  Association  and  its  Board  of  Managers  shall  be  as  fot- 
lows: 

1.  Reading  of  minutes  of  preceding  meetings  and  action 
thereupon, 

2.  Report  of  the  Board  of  Managers. 

3.  Reports  of  officers. 

4.  Reports  of  standing  committees. 
6.  Reports  of  special  committees. 

6.  Elections  and  announcement  of  elections. 

7.  Unfinished  business. 

8.  Kew  business. 

9.  Appointment  of  committees. 
10.  Adjournment. 

II.  The  absence  of  any  member  of  the  Board  of  Managers  from 
two  consecutive  meetings  of  the  same,  of  which  he  shall  have  been 
regularly  notified,  shall  be  considered  as  a  resignation  on  the  part 
•of  such  member,  unless  the  Boiml  shall  excuse  such  absence.  The 
Tscaney  thus  created  shall  be  filled  as  provided  for  in  the  Constitu- 
tion. 

in.  The  Standing  Committees  of  the  Board  of  Managers  shall 
be  as  follows : 

1.  On  School  of  Mines  Quarterly. 

2.  On  Badges. 

S.  On  Meetings  of  the  Association. 
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4.  Of  Conference  with  the  Colombia  College  Alonmi  A§80- 
ciation,  and  such  other  Committees  aa  may  be  necessai;. 

All  such  committees  shall  be  at  the  expiration  of  their  terms  of 
office,  present  written  reports  to  the  Board  of  Managers. 

IV.  The  official  organ  of  this  organization  shall  be  the  School 
OF  MlNia  QuAETERLT,  wluch  will  be  furnished  to  all  active  and 
associate  members. 

y.  The  Standing  Committee  on  Meetings  shall  arrange  for 
regular  meetii^  of  the  Association  in  October  and  March  of  each 
year  unless  otherwise  ordered  by  the  Board  of  Managers. 

YI.  Hiese  By-Laws  may  be  amended  at  any  regular  meeting  of 
the  Association,  but  only  by  a  vote  of  two-thirds  of  those  present, 
and  provided  that  ten  days'  notice  in  writing  of  the  proposed 
amendment  shall  have  been  given  to  the  Board  of  Managers,  and 
also  that  notice  of  the  same  shall  have  been  given  by  the  Secretary 
in  the  call  for  the  meeting. 
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IfJLET  Valves. 

The  proper  design  and  working  of  the  inlet  or  suction  valves 
exert  an  important  influence  upon  the  efficiency  of  the  compressor. 
In  the  older  forms  of  wet  compressor  various  patterns  of  clack- 
valve  were  employed,  as  exemplified  in  the  Dubois-Frangois  com- 
pressor, but  more  recently  poppet  valves  have  come  into  very 
general  use.  These  are  furnished  with  springs  and  are  actuated 
cither  by  diflerence  of  air  pressure  alone,  or  are  controlled  by 
mechanical  means.  The  Corliss  valve  also  has  been  successfully 
adapted,  and  latterly  a  piston  inlet  valve  has  met  with  much  favor. 

The  two  chief  requisites  of  inlet  valves  are : 

1.  That  they  shall  have  a  sufficient  area  of  openii^  to  permit 
free  entrance  of  air. 

2.  That  they  shall  open  readily  at  the  beginning  of  the  stroke 
with  a  minimum  of  resistance,  remain  open  until  the  end  of  the 
stroke,  and  then  close  promptly. 

Poppet  Valves.  One  of  the  commonest  forms  is  the  mushroom 
valve  (Fig.  17).  While  the  total  inlet  area  of  the  cylinder  should 
be  ample,  there  are  two  special  requirements  in  the  case  of  ordi- 
nary poppet  valves :  (i)  the  area  of  each  individual  valve  must 
not  be  too  great,  or  it  will  become  too  heavy ;  (2)  the  lift  must 
be  small,  in  order  to  attain  a  prompt  opening  and  closure  and  to 
reduce  "chattering."      For  these  reasons    several   independent 
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valves,  generally  from  four  to  six,  are  set  in  each  cylinder  head. 
Both  valve  and  seat  are  of  brass.     In  some  compressors,  e.  g.,  the 
Clayton,  the  seat  is  Sat  and  covered  by  a  slightly  elastic  packing 
ring.    Usually,  however,  the  contact 
is  between  metal   and  metal,  with 
surfaces  ground  true,  and   the  seat- 
ing is  often  coned.    The  valve  stem 
is  provided  with   a  spiral  spring  to 
keep  the  valve  on  its  seat,  and  works 
in  guides  cast  in  one  piece  with  the 
seat  and  valve  casing.     The  valve  is 
screwed  into  the  cylinder  head  so  as 
Fig.  17.  to  be  readily  removed  when  neces- 

sary. Brass  springs  are  always  used 
to  avoid  the  effects  of  corrosion,  and  must  be  easily  compres- 
sible to  allow  the  valve  to  open  freely  under  a  very  small  dif- 
ference of  pressure.  These  springs  should  be  made  of  the  best 
material  and  accurately  proportioned  to  present  the  requisite  re- 
sistance. The  ordinary  poppet  valve  is  opened  by  the  atmos- 
pheric pressure  without,  when  a  certain  degreee  of  rarefaction  inside 
the  cylinder  has  been  caused  by  the  movement  of  the  piston  ;  that 
is,  when  the  difference  of  pressure  becomes  sufficient  to  overcome 
the  strength  of  the  spring  and  compress  it.  To  accomplish  this 
the  piston  must  advance  some  distance  before  any  air  can  enter 
the  cylinder.  Therefore,  with  the  common  poppet  valve,  a  full 
cylinder  of  air  cannot  be  taken  at  each  stroke,  and  some  loss  of 
capacity  ensues.  More  or  less  irregularity  in  the  entrance  of  the 
air  must  take  place  also,  because,  while  the  pressure  of  the  outside 
air  tries  to  open  the  valve,  the  action  of  the  spring  tends  to  keep 
it  closed.  This  produces  "  chattering  "  or  "  dancing  "  of  the  valves, 
and  has  led  to  the  introduction  of  various  mechanical  devices  for 
controlling  them,  as  will  be  noted  later. 

As  the  springs  soon  lose  their  elasticity,  and  undergo  alterations 
in  their  strength,  they  require  careful  watching  and  regulation; 
outside  adjusting  nuts  on  the  valve  stems  are  provided  for  this 
purpose.  If  the  springs  be  too  slack  the  chattering  increases,  and 
if  too  tight  they  present  excessive  resistance  to  the  entrance  of  the 
air.  This  resistance,  the  effect  of  which  is  shown  on  the  dia- 
gram (Fig.  18),  should  be  reduced  so  far  as  practicable,  but  of  ne- 
cessity must  always  amount  to  something.    The  point  ^,  where 
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the  compression  line  crosses  the  atmospheric  line  i^f,  is  the  point  of 
the  stroke  at  which  the  inlet  valves  open,  and  the  volume  passed 
through  by  the  piston  in  traveling  from  alo  b  measures  the  loss 
in  the  capacity  of  the  compressor  from  this  cause.  Furthermore, 
there  is  usually  sufficient  throttling  of  air  in  passing  through  the  . 
inlet  valves  to  keep  the  admission  line  n  ^  at  an  appreciable  dis- 


tance below  the  atmospheric  line  until  near  the  end  of  the  stroke. 
The  area  below  the  atmospheric  line,  therefore,  represents  the  re- 
sistance due  to  negative  or  suction  pressure.  If  the  inlet  valves 
be  too  small,  or  badly  designed,  the  loss  may  amount  to  as  much 
as  two  or  three  lbs.  per  sq,  in.* 

Notwithstanding  these  inherent  disadvantages,  the  poppet  valve 
is  widely  used  because  of  its  simplicity.  In  case  of  leakage  due 
to  cutting  and  wear  of  the  seating  surfaces  the  valve  is  easily  re- 


«^ 


"Goodman,  Trans.  Fed.  Inst.  Mid.  Eng.,  Vol  VII.,  p.  240L 
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mov«d  and  re-ground.  These  valves  are  employed  in  a  number  of 
well-known  compressors,  such  as  the  Rand  and  Claytcm.  Follow- 
ing are  descriptions  of  several  variations  from  the  ordinary  mush- 
room type  of  poppet  valve, 

Johnson  Valve.  In  the  Johnson  compressor,  built  in  England, 
there  is  a  single  poppet  inlet  valve  of  the  grid-iron  type  at  each 
end  of  the  cylinder.  It  has  a  large  area,  with  a  small  lift,  and  is 
mounted  in  a  peculiar  way  on  the  same  spindle  with  the  discharge 
valve  (Figs.  19  and  20).  Both  valves  are  rendered  easily  accessible 
by  being  placed  in  a  chamber  projecting  horizontally  from  the  top 
of  the  cylinder.  This  chamber  is  closed  by  a  cast-iron  plate  held 
in  place  by  a  yoke  and  set-screw.  The  lift  of  the  valve  is  con- 
trolled by  an  outside  adjusting  nut,  c,  on  the  spindle.  The  inlet 
valve  is  provided  with  a.  "  lifter  "  (Fig.  20,  d')  by  which  it  can  be 
raised  from  its  seat  and  thrown  out  of  use,  if  it  be  desired  tempora- 
rily to  make  the  compressor  single-acting.  Springs  are  not  used 
with  the  Johnson  valve ;  it  closes  by  gravity  only.* 

Humboldt  Rubber  Ring  Valve.  The 
older  form  of  (iumboldt  wet  compressor 
(German)  has  a  simple  and  ingenious 
valve  (Fig.  21).  It  consists  merely  of  a 
rubber  ring  of  round  cross-section  which 
covers  a  series  of  slits  in  a  cylindrical 
casting  set  in  the  top  of  each  air  cham- 
ber. Three  of  these  rings,  a,  with  the 
slits,y,  comprise  the  inlet  valves  in  each 
end  of  the  air  cylinder,  the  casting,  c,  in 
which  they  are  placed  forming  a  part  of 
the  valve  chamber  cover.  The  casting, 
c,  is  strengthened  by  a  series  of  webs,  d. 
.  As  the  pressure  in  the  air  chamber  falls 
the  atmospheric  pressure  expands  the  rubber  rings,  forcing  them 
away  from  the  slits,  and  allowing  air  to  enter.  Then  on  the  re- 
versal of  the  stroke  the  elasticity  of  the  rings  causes  them  to 
tighten  up  on  their  seats  and  close  the  seats.  The  valve  open- 
ings are  relatively  lai^e  and  permit  free  entrance  of  air.  The  dis- 
charge valve,  b,  has  the  same  construction,  but  consists  of  a  single 
ring  only,  of  larger  cross-section.  These  rubber  valves  are  found 
to  last  well,  as  they  are  kept  wet  and  are  not  exposed  to  any 
great  degree  of  heat 

*  Ph.  R.  B}Srliiig,C<)//.  Guardian,  AngiHt  7,  1896,  p.  371. 
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Mechanically  Controlled  Valves  and  Valve  Motions. 

'llie  difficulties  inseparable  from  the  use  of  inlet  valves  which 
for  their  opening  and  closure  depend  upon  difference  of  air  pres- 
sure have  led  to  the  introduction  of  various  mechanically  controlled 
valves.  By  their  use  fewer  valves  are  required,  as  a  rule,  because 
they  may  be  made  much  larger  and  have  a  higher  lift.  As  dis- 
tinguished from  ordinary  poppet  valves  they  are  operated  or  con- 
trolled by  being  in  some  way  connected  with  the  moving  parts  of 
the  compressor.  In  this  way  the  compressor  is  enabled  to  take 
more  nearly  a  full  cylinder  of  air  at  each  stroke. 

Rand  Mechanical  Valve  Gear  (Fig.  22).     A  system  of  levers  is 


employed  to  release  the  valves  at  the  proper  time  from  the  pres- 
sure of  their  springs,  thus  permitting  them  to  open  freely.  The 
spring  still  serves  to  assist  in  closing  the  valve,  and  is  stronger 
than  in  the  common  poppet  valve.  The  releasing  arms,  a,  b, 
are  mounted  upon  a  horizontal  bar,  A,  which  has  a  slight  recipro- 
cating movement  derived  through  connecting  links  from  the  valve 
motion  of  the  steam  cylinder.  These  releasing  arms  are  connected 
with  the  stems  of  both  inlet  and  discharge  valves  by  sliding  joints, 
j,f.  Another  design  has  a  pair  of  outside  horizontal  bars,  one  on 
each  side  of  the  cylinder,  connected  by  cross-heads,  and  carried  in 
bearings  attached  to  the  cylinder  xasing.  These  cross-heads  take 
the  place  of  the  anbs,  a,  b.  The  connection  between  the  mechani- 
cal gear  and  the  valves  is  in  a  measure  positive;  the  inlet  vaJves 
open  promptly  at  the  beginning  of  the  stroke  and  remain  open 
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without  chattering  until,  at  the  end  of  the  stroke,  the  pressure  of 
the  arms  is  removed  and  the  springs  are  allowed  to  act.  To  ac- 
complish this  the  gearing  releases  the  pressure  of  the  spring  a 
little  in  advance  of  the  beginning  of  the  stroke,  so  that  the  valve 
is  at  liberty  to  open  fully  at  once.  As  the  valves  are  much  larger 
tlian  ordinary  poppets,  usually  but  one  inlet  and  one  outlet  valve 
are  set  in  each  cylinder  head.  In  a  large  two-stage  compressor  at 
the  Dominion  Coal  Co.'s  mine,  Canada,  there  are  two  mechanically 
controlled  inlet  valves  on  each  end  of  the  low-pressure  or  intake 
cylinder. 

Halsey's  Positive- Motion  Air  Valve  Gear.  This  gear  was  brought 
out  in  1891,  and  is  now  being  made  by  the  Canadian  Rand  Drill 
Co.  The  control  is  effected  by  a  system  of  horizontal  levers, 
linked  together  and  driven  by  a  cani  movement  from  a  prolonga- 
tion of  the  steam  cut-off  valve  stem.  There  is  one  inlet  and  one 
discharge  valve  at  each  end  of  the  cylinder.  The  movement  of 
the  inlet  valve  lever  is  so  timed  as  to  close  the  valve  when  the 
crank  passes  its  center,  and  then  to  move  away  from  contact  with 
the  valve  in  time  to  permit  it  to  be  opened  by  the  air  pressure. 
As  no  springs  are  used  the  valve  has  a  high  and  free  lift.  All 
the  parts  are  easily  accessible.  This  gear  is  similar  in  principle 
to  the  Riedler  mechanical  gear  described  below,  but  was  invented 
independently  in  this  country. 

Iniet  Valve  at  the  Lens  Colliery,  France. 
Here  a  cam  movement  has  been  success- 
fully emptoycd  (Fig.  23).  The  stem  of  the 
iaiet  valve  is  provided  with  a  spiral  spring 
and  projects  from  the  cylinder  head,  as 
usual.  At  the  beginning  of  the  stroke  the 
valve  is  opened  rapidly  by  a  cam,  a,  of  pe.  Fic  aj. 

culiar  shape,  playing  against  the  end  of 
the  stem.     The  cam  la  mounted  upon  a  small  shaft  which  is 
geared  to  revolve  once  for  each  revolution  of  tlie  engine.     At 
the  end  of  the  stroke  the  cam  allows  the  valve  to  close  under  the 
action  of  the  spring.* 

Sturgeoris  Inlet  Valve.  This  ingenious  valve,  of  an  air  compresMf 
made  in  England,  furnishes  another  example  of  a  positive  move- 
ment It  Is  a  ktrge  annular  valve,  c  (Fig.  34),  encircling  the  piston 
rod  in  each  cylinder  head,  and  is  operated  directly  by  the  moVti- 

•H.  W.  Hnghet,  Text-book  of  Co*l  Mining,  p.  55. 
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ment  of  the  piston  rod  itself.*     The  connection  between  the  valve 
and  rod  is  frictional  only,  being  brought  about  by  a  gland,  e,  which 
serves  to  form, a  stuffing  box  for  the  piston.     By  tightening  or 
loosening  tlie  nuts,  a,  of  the 
bolts  by  which  the  gland  is  at- 
tached to  the  valve  flange  any 
desired  amount  of  grip  upon 
the  piston  rod  can  be  obtained. 
Thus  the  valve  moves  with  the 
rod  and  opens  as  soon  as  the  pis- 
I  ton  begins  its  stroke.     Flanges 

on  the  ends  of  the  valve  limit 
its  play  in  each  direction,  con- 
trolling the  amount  of  lift  and 
area  of  opening.  The  valve  and 
stuffing  box  together  form  the 
Fjc.  14.  bearing  of  the  piston  rod  in 

each  cylinder  head.  At  the 
end  of  the  stroke  a  recess  in  the  piston  receives  the  large  inner 
flange  of  the  valve  so  as  to  diminish  the  clearance.  The  mechan- 
ism is  simple  and  its  work  satisfactory. 

An  arrangement  resembling  the  above  is  used  in  a  very  good 
compressor  made  by  the  Dover  Iron  Co.,  Dover,  N.  J, 

Riedler  Valve.  The  mechanically  controlled  Riedler  compres- 
sor valve  is  similar  in  principle  to  that  used  in  the  Riedler  pump. 
There  is  usually  one  inlet  and  one  discharge  valve  at  each  end  of 
the  cylinder,  controlled  by  mechanism  receiving  its  motion  from 
an  excentric  on  the  fly-wheel  shaft  (Fig.  25).  The  excentric 
imparts  motion  to  a  wrist-plate  connected  by  links  to  transverse 
rocker  shafts  passing  into  the  valve  chambers.  At  each  end  of 
the  cylinder  is  a  pair  of  these  valve  chambers,  or  chests,  one  con- 
taining the  inlet,  the  other  the  discharge  valve.  The  inlet  valve  is 
controlled  by  a  forked  arm,  mounted  upon  the  rocker  shaft  inside 
the  valve  chamber  and  extending  out  over  the  valve.  The  valve 
spindle,  provided  with  a  spiral  spring,  passes  between  the  arms  of 
the  fork,  which  is  raised  and  depressed  according  as  the  valve  is 
to  be  closed  or  opened.  A  similar  arm  upon  the  same  rocker  shaft 
operates  the  discharge  valve,  though  of  course  in  a  reverse  sense- 
The  valve  as  originally  designed  by  Riedler  has  undergone  modifica- 
•Ibid,  p.  53, 
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Fig.  as. 

tion  in  some  of  its  details.  One  form  has  two  entirely  distinct  parts : 
the  body  of  the  valve,  or  "  catcher,"  and  a  light  ring  which  forms 
the  seating  part.    This  ring  is  a  thin  steel  disc  lying  loosely  be- 
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twecn  the  catcher  and  the  valve-seat  The  catcher,  which  is 
operated  positively  by  the  fork,  merely  guides  and  limits  the 
movement  of  the  loose  valve  ring.  When  the  catcher  is  with- 
drawn by  the  pressure  of  the  fork  against  the  spiral  spring,  just  be- 
fore the  end  of  the  piston  stroke,  the  loose  rii^  still  remains 
seated;  then  on  the  reversal  of  the  stroke  the  ring  is  instanta- 
neously lifted  by  atmospheric  pressure,  places  itself  against  the 
catcher,  and  remains  there  until  the  end  of  the  stroke.  It  is  then 
forced  upon 'its  seat  promptly  by  the  fork  and  catcher.  To  guard 
against  breakage  due  to  any  inaccuracy  in  the  movements  of  the 
closing  fork,  which  might  result  from  wear  of  the  parts,  another 
spring  is  provided.  This  is  mounted  upon  the  valve  stem,  be- 
tween the  fork  and  the  top  of  the  catcher,  and  allows  for  slight  varia- 
tions of  movement.  The  use  of  the  light  independent  valve  ring, 
which  is  moved  by  a  very  sli^t  dilTerence'of  pressiire,  constitutes 
one  of  the  important  features  of  the  Riedler  valve. 

Latterly  several  alterations  have  been  introduced  to  render 
smoother  the  working  of  the  valves,  and  to  make  them  easier  of 
access  for  adjustment.  In  a  recent  design  by  Fraser  and  Chalmers 
the  closed  valve  chambers  of  the  ends  of  the  cylinder  are  done 
away  with,  and  the  rocker  shafts,  with  their  forks,  are  outside,  so 
as  to  be  readily  reached. 

Norwalk  Valve.  Since  1881  the  builders  of  the  Norwalk  com- 
pressor have  used  successfully  an  adaptation  of  the  Corliss  valve 
gear.  One  inlet  and  one  discharge  valve  are  set  in  chests  at  each 
end  of  the  low  pressure  or  intake  cylinder.  The  main  valve  rod, 
a  (Fig.  26),  is  driven  by  a  drag  or  return  crank,  b,  attached  to  the 
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main  crank  pin.  The  rod  connects  with  a  lever,  c,  operating  the 
forward  inlet  valve,  and  from  this  lever  a  shorter  rod,  d,  passes  to  a 
corresponding  connection  with  the  inlet  valve  at  the  other  end  of 
the  cylinder.  Still  other  links,  e,  pass  from  each  inlet  lever  to  the 
respective  discharge  valves.  An  important  detail  of  this  valve 
motion  is  the  cams,/,/,  which  form  a  part  of  the  valve  levers.  The 
cams  of  each  pair  of  valves,  inlet  and  discharge,  work  together, 
rotating  the  valves  in  opposite  directions.  They  are  so  shaped  as 
to  roll  upon  each  other  as  the  connecting  links,;,  move  the  valves. 
This  device  dees  away  with  the  necessity  for  springs  and  makes 
the  whole  movement  accurate  and  positive.  For  the  high-pres- 
sure air  cylinder  of  the  Norwalk  compresser  the  valves  are  of  the 
poppet  pattern. 

Ingenoll-Sergeanl  Piston  Inlet  Valve,    In  the  Ingersoll-Sergeant 
compressor  the  tntet  valves  are  placed  in  the  piston  (Fig.  27).  The 


Fig.  37. 


piston  is  hollow,  and  into  its  rear  end  is  screwed  a  hollow  back 
piston  rod  passing  out  through  a  stul^ng  box  in  the  back  cylinder 
head.  There  are  two  large  ring-shaped  valves,^,  g,  made  of  com- 
position metal,  one  on  each  side  of  the  piston.  (See  also  the  per- 
spective cut  V.)  These  valves  rest  in  their  seats  without  springs  or 
other  connection,  except  that  in  the  piston  casting  there  are  sev 
eral  small  studs  which  extend  through  slots  in  the  valve  ring. 
While  the  compressor  is  running  the  air  is  drawn  in.  through  the 
hollow  piston  rod  in  an  almost  constant  stream,  passing  through 
either  valve  first  into  one  end  of  the  cylinder  and  then  into  the 
other.    At  the  beginning  and  end  of  each  stroke  the  valves  are 
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alternately  opened  and  closed  by  their  own  inertia,  as  the  piston 
reverses  its  motion.  The  valve  in  that  face  of  the  piston  which  is 
toward  the  direction  of  movement  is  always  closed,  while  the  other 
is  open  for  the  passage  of  the  air  entering  through  the  hollow  rod 
at  e  into  the  cylinder  behind  the  piston.  On  account  of  the  large 
size  of  the  valves  their  throw,  or  lift,  is  only  about  one-quarter 
inch.  It  is  probable  that  during  admission  there  is  a  less  difier- 
ence  between  the  pressure  of  the  air  taken  into  the  cylinder  and 
the  atmospheric  pressure  than  with  any  form  of  spring  controlled 
valve,  for,  meeting  with  no  resistance  due  to  sprites,  the  air  enters 
freely.  Moreover,  "  at  the  moment  when  the  end  of  the  stroke  is 
reached  the  inflow  of  air  is  suddenly  stopped,  and  the  momentum 
of  the  column  of  air  in  the  inlet  pipe  causes  it  to  act  as  a  rammer 
upon  the  body  of  air  in  advance  of  it,  thus  actually  raising  the  air 
pressure  within  the  cylinder  above  the  pressure  without."*  In 
other  words,  the  compression  begins  with  a  greater  weight  of  air  in 
the  cylinder  than  when  other  methods  of  admission  are  employed. 
These  valves  wear  well,  and  their  use  permits  a  moderately  high 
piston  speed.  Three  advantages  of  the  piston  inlet,  in  addition  to 
those  noted  above,  maybe  mentioned :  i.  The  cylinder  castings  are 
simplified,  2.  The  space  in  each  cylinder  head  formerly  occupied 
by  poppet  inlet  valves  is  now  devoted  to  additional  Water-jacket 
area,  just  where  the  air  pressure  and  development  of  heat  arc 
greatest.  3.  The  number  of  moving  and  wearing  parts  is  reduced. 
Arrangements  for  Admitting  Inlet  Air  to  the  Compressor.  It  is  of 
great  importance  that  the  inlet  air  shall  be  as  cool  as  possible. 
The  colder  the  air  the  smaller  the  volume  occupied  by  a  given 
weight  of  air  taken  into  the  compressor  and  the  greater  the  out- 
put. Taking  in  warm  air  involves  loss  of  capacity  and  of  economy 
in  production.  Mr,  Frank  Richards  points  this  out  in  a  convinc- 
ing and  simple  way.f  "  The  volume  of  air  at  common  tempera- 
tures varies  directly  as  the  absolute  temperature.  With  the  air 
supply  at  60°  its  absolute  temperature  is  521°,  and  its  volume  will 
increase  or  decrease  -^  for  each  d^ree  of  rise  or  fall  of  tempera- 
ture. Therefore,  if  in  securing  the  supply  of  air  we  can  get  a  dif- 
ference in  our  favor  of  S°  *  *  *  we  accomplish  a  saving  of  ^raut 
I  per  cent.  If  a  difference  of  temperature  of  10"  can  be  secured  2 
per  cent,  is  saved,"  practically  without  cost.     The  practice  of  tak- 

*E«g.  and  Min.  Jbut.,  March  33,  1895,  P-  "T"- 
f  Compressed  Air,  p.55. 
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ing  air  from  the  engine  room  is  a  common  one  at  mines,  and  is  bad, 
not  only  because  such  air  is  usually  heated  to  a  considerable  de- 
gree, but  also  because  it  is  apt  to  be  charged  with  dust  which 
causes  unnecessary  wear  of  valves  and  piston. 

Some  means  should  be  provided  to  convey  to  the  compressor 
fresh  air,  taken  preferably  from  some  point  outside  of  the  building. 
A  box  or  pipe  of  wood  is  better  than  one  of  iron,  because  of 
the  smaller  conductivity  of  wood.  Its  cross-section  should  be  suf- 
Bcient,  say  at  least  one-half  the  area  of  the  cylinder,  to  avoid  loss 
from  friction.  To  make  such  a  connection  conveniently  the  inlet 
valves  should  be  enclosed  in  a  sort  of  external  air  chest  on  each 
end  of  the  cylinder,  such  as  that  of  the  Norwalk  compressor.  Some 
compressors  are  not  well  adapted  for  making  this  arrangement. 
Of  course  in  winter  a  greater  saving  can  be  effected  than  in  sum- 
mer, but  even  in  warm  weather  some  advantage  is  gained,  especi- 
ally if  the  air  conduit  opens  on  the  north  side  of  the  building,  out 
of  reach  of  the  sun. 

Discharge  or  Delivery  Valves, 
As  the  dischai^e  valves  are  for  the  passage  of  the  air  after  com- 
pression, a  less  total  area  is  required  than  for  the  inlet  valves,  but 
they  must  not  be  too  small  or  the  friction  will  become  excessive. 
It  is  important  also  that  they  should  not  leak,  since  the  passage  of 
even  a  small  quantity  of  compressed  air  back  from  the  receiver 
pipe  into  the  cylinder  would  be  equivalent  to  the  loss  caused  by  a 
large  clearance  space. 

Discharge  valves  are  usually  of 
the  poppet  type,  as  has  been  noted 
in  the  foregoing  description  of  the 

various  valve  movements.     While  " 

they  differ  somewhat  in  detail  the 
same  general  principle  is  followed 
by  nearly  all. 

One  of  the  commonest  forms  is 
the   cup- shaped   poppet,  with   an 
internal  spring  (Fig.  28).     Some- 
times   the    spring    encircles    the  Fic.  aS. 
valve.     To  make  it  easier  to  keep 

them  tight  the  seating  surfaces  are  of  brass,  and  coned  like  the 
inlet  valves.     Several  discharge  valves  are  usually  employed,  en- 
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closed  in  chambers  with  which  is  connected  the  pipe  leading  to  the 
air  receiver.  To  render  the  valves  readily  accessible  they  are  cov- 
ered by  caps  screwed  into  the  cylinder  head,  and  can  be  removed 
separately  for  repairs  and  regulation  of  the  spring. 

In  the  Norwalk  compressor,  as  has  been  seen,*  the  Corliss  pat- 
tern is  used  for  discharge  as  well  as  for  inlet  valves,  except  in  the 
high-pressure  cylinder,  where  poppet  valves  are  employed.  With 
the  Rand  mechanical  valve  gearing  the  dischai^e  valves  do  not 
difTcr  in  general  form  from  the  inlet  valves.  The  same  similari^ 
in  principle  between  inlet  and  discharge  valves  is  to  be  noted  in  the 
rubber  ring  valves  of  the  Humboldt  compressor  (Fig.  21)  and  in 
the  mechanically  controlled  Kiedler  valves. 

It  should  be  observed  that  mechanical  contrast  of  the  dischaige 
valves  is  unsatisfactory  under  certain  circumstances.  If  the  air 
pressure  in  the  receiver  be  subject  to  considerable  fluctuations,  due 
to  irregularity  in  using  the  air,  the  receiver  pressure  at  times  will 
be  below  the  pressure  in  the  cylinder  at  the  end  of  the  stroke. 
That  is,  the  valves  may  be  subjected  from  within  to  a  heavy  pressure, 
but  are  prevented  from  opening  until  the  controlling  mechanism 
is  released.  Then,  when  the  valve  is  permitted  to  open  the  pres- 
sure drops  suddenly  to  that  in  the  receiver.!  This  diflliculty  is  in 
part  overcome  by  the  use  of  air-pressure  regulators,  described 
hereafter.  It  is  also  avoided  in  the  Riedler  and  the  Halsey  valve 
movements,  in  which  the  opening  is  governed  by  the  air  pressure 
and  not  by  the  mechanical  gear. 

Air  Receivers. 

An  air  receiver  is  used  almost  invariably  in  connection  with 
compressors.  It  consists  of  a  cylindrical  plate,  iron  or  steel  shell, 
resembling  a  steam  boiler  in  construction.  Its  size  varies  from  say 
30  in.  diameter  by  6  ft.  long  up  to  48  in.  diameter  by  1 2  or  16  It. 
long  (Fig.  29).  It  should  be  placed  not  over  50  ft.  from  the  com- 
pressor, and  may  be  set  either  vertically  or  horizontally.  Atten- 
tion should  be  given  to  arranging  the  inlet  and  outlet  pipes  in 
proper  relative  position.  If  directly  opposite  and  pointing  to- 
wards each  other  a  strong  current  is  caused,  which  greatly  reduces 
the  usefulness  of  the  receiver  in  cooling  and  draining  the  air.  A 
good  plan  is  to  make  the  inlet  connection  on  one  side  near  the 

*Aptil  number  of  the  Quarterly,  p.  901,  T\%.  3. 

t  Goodmao,  Tniu.  Fed.  InU.  M.  E..  Vol.  VII.,  p.  339. 
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end,  and  the  outlet  at  the  center  of  the  head  at  the  other  end.  Or, 
as  shown  by  the  cut  {Norwalk  receiver),  both  pipes  may  enter  near 
the  top,  but  the  outlet  is  carried  through  the  receiver  {see  dotted 
lines)  nearly  to  the  bottom.  The  outlet  pipe  should  take  air  from 
near  the  bottom,  where  it  is  likely  to  be  slightly  cooler. 

The  principal  functions  of  the  receiver 
are:  (i)  to  compensate  for  the  pulsating 
effect  produced  by  the  strokes  of  the  com- 
pressor ;  (2)  to  cool  the  air  as  much  as  pos- 
sible before  it  enters  the  main;  {3)  to  pre- 
vent rapid  fluctuations  of  pressure  and  ex- 
cessive friction,  due  to  irr^ularity  in  the  ~/^an 
use  of  the  air;  (4)  with  wet  receivers,  to 
drain  off  the  water  carried  over  with  the 
compressed  air.  In  the  receiver  the  veloc- 
ity of  the  air  is  greatly  reduced,  so  that 
it  has  opportunity  to  cool  somewhat  and 
to  deposit  a  part  of  the  moisture  in  sus- 
pension which  otherwise  would  be  conveyed 
into  the  main.  Even  with  dry  compressors 
a  little  water  collects  in  the  receiver  from 
the  natural  moisture  of  the  atmosphere, 
especially  during  warm  weather.  At  in- 
tervals this  water  is  drained  o^  at  the  bot- 
tom by  a  cock  provided  for  the  purpose. 
The  receiver  is  furnished  with  a  man-hole, 
pressure  gauge  and  usually  a  safety  valve 
with  a  weight  for  graduating  the  pressure 
as  desired.  Receivers  are  best  made  of 
steel  plate  to  stand  working  pressures  of 
100  to  1 10  lbs.  per  sq.  in.  They  are  single- 
riveted  on  circular  seams,  double-riveted  on  kio.  a* 
longitudinal  seams.  The  heads  are  usually 
dished,  sometimes  hemispherical.  It  is  customary  to  test  receivers 
with  say  165  lbs.  cold-water  pressure  for  working  up  to  1 10  lbs. 

A  receiver  acts  to  a  limited  extent  as  a  reservoir  of  power.  But, 
to  be  of  any  real  service  in  this  way  its  capacity  must  be  large. 
For  example,  take  a  20-inch  compressor,  working  at  60  lbs. 
pressure  to  supply  air  for  a  regular  consumption.  To  enable  the 
receiver  to  meet  the  demand  for  only  one  minute  after  the  com- 
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pressor  stopped,  and  not  have  the  pressure  fall  more  than  15  lbs., 
it  would  have  to  be  5  ft.  diameter  by  50  ft.  long.  Again,  if  the 
compressor  were  running  at  a  constant  speed  and  the  demand  for 
air  should  suddenly  increase  25  'fe — as  might  happen  in  starting 
several  more  machine  drills — a  receiver  of  the  size  mentioned 
could  meet  the  extra  demand  only  four  minutes.*  It  is  thus  evi- 
dent that  while  a  receiver  is  useful  as  an  equalizer  within  certain 
limits,  yet,  unless  it  be  very  lai^e,  the  pressure  might  quickly  run 
up  to  an  unreasonable  amount  in  case  of  an  unexpected  decrease 
in  consumption  of  air.  Long  pipes  of  large  diameter  assist  in 
equalizing  the  flow  of  air,  but  their  use  does  not  preclude  the 
necessity  of  receivers,  and  it  is  much  cheaper  to  employ  piping  of 
moderate  size. 

Underground  Receivers.  When  the  air  main  is  very  long  it  is 
advisable  to  place  a  second  receiver  near  the  place  where  the  air 
is  being  used.  A  more  uniform  pressure  is  in  thiswaymaintained, 
and  as  excessive  fluctuation  in  the  velocity  of  flow  is  avoided,  the 
friction  and  consequent  loss  of  pressure  between  the  two  receivers 
become  practically  constant.  Underground  receivers  are  not  often 
used  for  air  drills  alone,  but  they  became  a  necessity  when  lai^e 
machines,  such  as  pumps  and  hoists,  are  run  by  compressed  air. 
They  are  useful,  moreover,  in  permitting  a  further  deposition  of 
moisture  from  the  air. 

In  construction  underground  receivers  are  usually  similar  to 
those  at  the  compressor.  At  the  Mansfeld  copper  mines,  Germany, 
another  method  of  construction  has  been  adopted.  Chambers  are 
excavated  in  the  rock,  all  loose  stone  removed,  and  the  walls  ce- 
mented tight.  The  chamber  is  closed  by  a  brick  dam  composed 
of  two  parallel  walls,  with  a  2-inch  layer  of  cement  between  them. 
In  the  dam  are  set  a  20-inch  cast-iron  man-hole  pipe  with  suitable 
cover,  several  pipes  for  connecting  with  mains  to  the  various  work- 
ing places,  and  a  drain  pipe  and  cock  close  to  the  floor.  A  pres- 
sure gauge  is  attached  to  the  man-hole  cover.  This  reservoir  is 
said  to  have  cost  only  one-third  as  much  as  an  iron  receiver,* 

Air-Pressure  Regulators. 
In  most  cases  compressors  for  mine  use  are  employed  in  fur- 
nishing air  for  rock  drills.    When  running  at  a  moderate  speed 

•  Nomralk  Icon  Works  Cftlal.,  1896,  p.  51. 

•  Foster,  Ore  and  Stone  Mining,  p.  169.  Abflrtct  Zdttcbrift  flir  du  Be^-,  HBt- 
ten-  ond  Salinen-WeseD,  Vol.  XLI.,  18  3,  p.  119- 


Dni.tizecbvGoOgle 


NOTES  ON  AIR  COMPRESSORS.  325 

the  compressor  should  be  large  enough  to  supply  the  necessary 
volume  of  air,  at  the  proper  pressure,  for  all  the  machines  intended 
to  be  kept  at  work.  But  rock  drills  are  always  operated  more  or 
less  intermittently,  so  that,  unless  a  large  number  of  them  are  sup- 
plied from  the  same  plant,  the  rate  of  consumption  of  air  will  vary 
considerably,  and  at  a  constant  compressor  speed  the  receiver 
pressure  will  fluctuate.  When  the  demand  is  small,  or  ceases  al- 
t<^ethcr,  the  pressure  rises  rapidly  and  the  compressor  must  be 
slowed  down,  or  air  will  be  blown  off  at  the  safety  valve  of  the  re- 
ceiver. To  prevent  such  loss  of  work,  and  to  relieve  the  engineer 
of  the  close  attendance  required  for  regulating  the  speed  of  the 
compressor  so  as  to  avoid  blowing  off  air,  automatic  pressure  reg- 
ulators, or  unloading  devices,  are  employed.  They  are  arranged  to 
control  the  admission  of  steam,  shutting  it  off  automatically  when 
the  pressure  reaches  the  fixed  limit,  and  admitting  it  again  when 
increase  of  consumption  causes  the  pressure  to  fall.  The  follow- 
ing regulating  devices  may  be  taken  as  examples. 

Clayton  AirGwemor.    In  one  form  of  this  governor  the  main 
steam  pipe  is  provided  with  a  special  throttle  (Fig,  30a),  resem- 
bling a  safety  valve  in  having  a  lever  and  weight,  6,  connected  with 
the  valve  stem,  ■:.     Close  alongside  of  the  throttle  valve,  and  for  con- 
venience clamped  upon  the   main  steam  pipe,  d,  is  a  small  air 
cylinder,  e,  the  upper  end  of  whose 
piston  rod   is   pinned  at  f  to   the 
■weighted  lever.     Entering  the  bot- 
tom of  this  air  cylinder  is  a  small 
pipe,  g,  from  the  air  receiver.  When 
the  pressure  in  the  receiver  exceeds 
the   assigned   limit    the    weighted 
lever    is   raised    and   partially,   or 
wholly,  closes  the  steam  throttle,  a. 
Then,   when  the   air  pressure   has 
been  reduced  by  the  slowing  down 
of  the  compressor,  and  by  consump- 
tion of  air  from  the  receiver,  the 
weight  falls  and  reopens  the  throttle. 

Another  form  of  regulator,  shown 
in  section  by  Fig.  31,  is  also  some- 
times used  on  Qayton  compresosrs.     The  stem  of  the  throttle,  h, 
is  provided  with  a  ball  governor  whose  action  is  controlled  by 
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the  introduction  of  the  weighted  lever,/, and  the  small  air  cylinder, 
j,  which  are  similar  to  those  in  Fig.  30.  Air  from  the  receiver  en- 
ters the  cylinder, _/', at  k  and,  raising  the  piston  and  weight,  shuts  off 
steam  by  forcing  down  the  throttle  valve,  k,  the  pressure  of  the 
lever  being  applied  at  the  point,  i.  The  governor  may  be  adjusted 
to  its  work  by  the  spring  and  thumb-screw,  m,  acting  on  the  small 
lever  »,  which  tends  to  keep  open  the  throttle  against  the  down- 
ward pressure  of  the  weighted  lever,  (,  upon  the  valve  stem.  The 
spring,  o,  is  introduced  to  ease  the  drop  of  the  weight  when  the  air 
pressure  falls. 

Notwalk  Pressure  Regulator.  In  the  main  steam  pipe  is  placed  a 
balanced  throttle  valve.  Fig.  33  a.  Attached  above  this  valve  is  a 
small  air  cylinder,  b,  the  piston  rod  of  which  is  a  prolongation  of 
the  valve  stem,  c.  At  the  side  of  the  cylinder,  b,  is  a  spring  safety 
valve,  d,  connected  by  a  pipe,  e,  with  the  receiver,  or  with  the  air 
main  leading  to  it.  By  means  of  a  hand-wheel,  /,  on  the  safety 
valve  the  spring  is  adjusted  so  that  the  air  will  lift  the  valve,  and 
pass  through  it,  at  any  desired  pressure.  When  the  receiver  pres- 
sure exceeds  this  limit  the  safety  valve,  d,  rises  and  allows  air  to 
pass  under  the  piston  in  the  small  cylinder,  b,  raising  it  and  partly 
closing  the  throttle.  If  no  escape  were  provided  the  piston  would 
be  forced  at  once  to  the  top  of  the  cylinder.  To  regulate  its 
movement  and  prevent  shutting  off  the  steam  completely,  a  very 
narrow  verticle  slot  is  cut  in  the  side  of  the  cylinder.  As  the  pis- 
ton rises  more  and  more  of  this  slot  is  uncove/ed  and  furnishes  an 
escape  for  the  air  passing  into  the  cylinder.  The  slot  being  very 
small  a  slight  difference  in  the  quantity  of  air  causes  the  piston  to 
assume  a  high  or  low  position.  In  this  way  the  throttle  is  moved, 
controlling  the  admission  of  steam  and  the  compressor  speed. 
As  the  air  pressure  falls  the  valve  begins  to  open  again.  To  pre- 
vent the  small  piston  from  rising  too  far  and  stopping  the  com- 
pressor by  completely  closing  the  throttle,  a  screw  stop  ^  is  set  in 
the  top  of  the  regulating  cylinder,  b.  This  can  be  so  adjusted  that 
just  enough  steam  is  admitted  to  turn  the  compressor  over  its  cen- 
ters. In  a  later  form  of  the  Norwalk  regulator  the  slot  in  the  side 
of  the  cylinder,  b,  is  replaced  by  a  slot  in  the  stem,  or  piston  rod 
of  this  cylinder,  as  shown  by  Fig.  33. 

These  regulators  are  simple  and  effective,  but  do  not  entirely 
provide  for  the  case  when,  for  a  time,  no  air  at  all  is  being  drawn 
from  the  receiver.    The  air  pressure  must  then  be  relieved  by 


D.g.tizecbvGoOglC 


NOTES  ON  AIR  COMPRESSORS.  327 

blowing  off"  at  the  receiver  safety  valve,  or  else  the  compressor 
must  be  stopped  by  the  engineer.  This  difficulty  is  met  under 
ordinary  circumstances  by  the  regulator  described  below. 

Ingersoll' Sergeant  Regulator.    A  weighted  safety  valve,  a  (Fig. 
34),  is  attached  directly  to  the  shell  of  the  air  cylinder.    It  has 


Fig.  34. 

four  pipe  connections  as  shown:  ^  leads  to  a  balanced  throttle 
valve  in  the  main  steam  pipe,  c  connects  with  the  air  receiver,  and 
d  and  e  with  two  discharge  valves,  one  at  each  end  of  the  cylinder. 
The  stem  of  the  steam  throttleiy,  is  a  continuation  of  the  piston  rod 
of  a  small  horizontal  air  cylinder,  f,  which  is  attached  to  the  side 
of/  Behind  the  piston  of  this  little  cylinder  enters  the  air  pipe,*. 
When  the  pressure  in  the  receiver  becomes  too  great  the  safety 
valve,  a,  rises,  and  exhausts  the  air  behind  the  two  valves  which  are 
connected  by  the  pipes,  d  and  e.  This  admits  air  at  receiver  pres- 
sure into  each  end  of  the  main  cylinder,  thus  balancing  the  pres- 
sure on  the  two  sides  of  the  piston  and  unloading  the  engine.  At 
the  same  time  the  air  in  the  little  cylinder,  g,  is  also  exhausted,  ao 
that  the  throttle  valve,  /,  moves  to  the  right  and  admits  only 
enough  steam  to  keep  the  compressor  slowly  turning.  When  the 
compressor  is  thus  unloaded  no  work  is  done;  the  air  is  merely 
circulated  through  the  pipes,  d  and  e,  from  one  end  of  the  cylinder 
to  the  other,  until  more  air  is  drawn  from  the  receiver  and  the 
pressure  reduced.    Then  the  safety'valve,  a,  closes  and  the  pipes, 
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d  and  e,  are  again  filled  with  compressed  air.  The  steam  throttle 
is  also  forced  open  by  the  pressure  through  the  pipe,  b,  and  com- 
pression goes  on  regulary.     Fig.  35,  though  not  an  exact  card. 
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Fig.  35. 


represents  a  diagram  taken  from  the  unloaded  air  cylinder  of  an 
Ingersoll-Sergcant  compressor  during  the  action  of  the_air  pres- 
sure regulator. 

Conveyance  of  Compressed  Air  Through  Pipes. 

Certain  lossses  due  to  friction  take  place  in  conveying  com- 
presssed  air  through  lines  of  piping,  and  the  proper  diameter  of 
the  pipe  is  a  matter  of  importance.  These  losses  appear  in  two 
ways :  as  loss  of  pressure  or  head,  indicated  by  difference  in  gauge 
reading  at  the  ends  of  the  line,  and  as  loss  of  power. 

First,  for  short  distances  the  loss  of  pressure  may  be  considered  as 
taking  place  according  to  the  laws  governing  the  flow  of  all  fluids, 
varying  directly  as  the  length  of  pipe,  directly  as  the  square  of  the 
velocity,  and  inversely  as  the  diameter  of  the  pipe.  But  for  long 
distances  the  application  of  these  laws  becomes  somewhat  complex. 
In  addition  to  the  factors  Just  given,  it  is  necessary  to  take  into  ac- 
count the  volume  and  pressure  of  the  air  and  the  difference  be- 
tween the  pressures  at  the  receiver  and  at  the  end  of  the  pipe  line. 
All  are  more  or  less  interdependent.  The  elements  of  the  problem 
are  well  set  forth  in  the  following  quotation  :*  "  The  flow  of  air 
being  assumed  to  be  uniform  at  the  entrance  to  the  pipe,  the  rate 
of  flow  is  not  constant  for  the  whole  length  of  the  pipe,  nor  in- 
deed for  any  point  but  the  beginning  of  it.  As  the  air  may  be 
said  to  carry  in  itself,  in  its  elasticity,  its  own  means  of  propulsion, 

*Fraak  Richards,  Compressed  Air,  p.  Its. 
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some  of  which  it  is  using  as  it  goes  along,  it  is  constantly  losing 
some  of  its  pressure,  and  its  volume  is,  therefore,  constantly  in- 
creasing. If  the  quantity  of  air  entering  the  pipe  is  to  continue  to 
flow  through  it,  the  linear  velocity  of  flow  must  be  constantly  ac- 
celerated on  account  of  this  increase  of  volume.  This  also  modi- 
fies the  use  of  the  length  of  the  pipe  as  a  constant  factor.  It  would 
be  natural  to  assume,  as  in  the  formulas  in  general  use  it  is  as- 
sumed, that  if  a  certain  head  were  sufficient  to  maintain  a  certain 
flow  for  a  given  length  of  pipe,  double  the  head  would  be  sufficient 
for  double  the  length.  But  that  could  not  be  so,  for  ic  the  second 
length  all  the  head  that  propelled  the  air  through  the  Rrst  length 
has  disappeared ;  therefore  the  volume  is  now  greater  through  the 
loss  of  that  pressure,  and,  as  the  velocity  is  also  greater,  it  must 
require  more  additional  head  for  the  second  length  than  was  re- 
quired  for  the  first." 

A  similar  course  of  reasoning  applies  to  the  question  of  diam- 
eter of  pipe.  The  actual  discharge  capacity  of  piping  is  not  pro- 
portional to  the  cross-sectional  area  alone — that  is,  to  the  square 
of  the  diameter.  Although  the  periphery  is  directly  as  the  diam- 
eter, the  interior  surface  resistance  is  proportionally  much  greater 
in  a  small  than  in  a  large  pipe,  because  as  the  pipe  becomes  larger 
the  ratio  between  area  and  perimeter  increases.  To  pass  a  given 
volume  of  compressed  air  a  i-inch  pipe  of  given  length  requires 
over  three  times  as  much  head  as  a  2-inch  pipe  of  the  same 
length.  The  character  of  the  pipe,  also,  and  the  condition  of  its 
inner  surface,  have  much  to  do  with  the  friction  developed  by  the 
flow  of  air.  Besides  imperfections  in  the  surface  of  the  metal,  the 
irregularities  incident  upon  coupling  together  the  lengths  of  pipe 
must  increase  friction.  Furthermore,  each  bend  or  elbow  has  its 
retarding  efTect. 

The  following  formula  for  calculating  the  friction  of  air  in  pipes 
is  given  by  Frank  Richards,  "  Compressed  Air,"  p.  ll$: 


//■- 


D  »  diamete  of  pipe  in  inches. 
L  B  length  of  pipe  in  feet. 

J>^aa  volume  of  compressed   air  delivered   in   cubic   feet    per 
minute. 
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H  ~  head  or  difference  of  pressure  required  to 
tion  and  maintain  the  fiow. 
a  ^  coefficient. 


VALUES   OF  a   FOK 

DIFFERENT    NOMINAL    DIAMETERS  OF 

WROUGHT- 

IRON    PIPE. 

I"      ...  0.3S0 

2^"  .    .    .  0.650 

5". 

.     .  0.934 

i'yi"  .     .     .  O.S0O* 

3"      ...  o.;30 

6". 

.     .   1.000 

l>i"  .    .   .o.662« 

sy,"  ■  ■  .0.7S7 

8"  . 

.     .   1. 125 

2"      ...  o.s6s 

4"        ...  0.840 

10"  . 

,     .   1.200 

12"  . 

.     .   1.260 

Owing  to  the  uncertain  (conditions  under  which  air  flows  in  pipes 
the  results  obtained  from  formulas  are  only  approximately  correct; 
the  approximation  is  generally  near  enough  for  practical  purposes, 
but  there  are  so  few  reliable  data  that  the  influences  by  which  the 
values  of  some  of  the  factors  may  be  modified  are  not  fully  under- 
stood. However,  the  loss  of  pressure  in  transmission  is  small  as 
compared  with  other  losses  encountered  in  the  compression  of  air 
and  in  its  use,  and  may  almost  be  neglected  if  piping  of  reasonable 
size  be  employed. 

To  obtain  the  best  results  the  velocity  of  flow  in  the  main  air- 
pipes  should  not  exceed  20  feet  per  second.  By  using  piping  large 
enough  to  keep  down  the  velocity  the  friction  loss  may  be  almost 
eliminated.  For  example,  at  the  Hoosac  tunnel,  In  transmitting 
about  17s  cubic  feet  of  air  per  minute,  at  a  pressure  of  60  lbs. 
through  an  8-inch  pipe  7,150  feet  long,  the  average  loss  was  only 
2  lbs.  A  volume  of  78  cubic  feet  of  air  per  minute,  at  60  lbs.  pres- 
sure, loses  by  friction  3.35  lbs.  in  passing  through  1,000  feet  of  3- 
inch  pipe,  but  if  the  same  volume  be  passed  through  a  6  inch  pipe 
of  the  same  length  the  loss  of  pressure  is  reduced  to  -^^^  lbs. 

A  due  regard  for  economy  in  installation,  however,  must  limit 
the  use  of  very  large  piping,  the  cost  of  which  should  be  considered 
in  relation  to  the  cost  of  air  compression  in  any  given  case.  Diam- 
eters of  from  4  to  6  in.  for  the  air  mains  are  large  enough  for  any 
ordinary  mining  practice.     Up  to  a  length  of  3,OCX)  feet  a  4-inch 

•The  aclual  diameters  of  iX"  sd  'Ji"  wrooghl-lron  pipe  are  1. 38"  and  1.6i" 
respeclively.  Therefore,  Iheir  values  of  a  are  not  cootistent  wiib  the  Tftlues  for  the 
other  sizes  of  pipe.     Richards,  p.  116. 
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pipe  will  carry  per  minute  480  cu.  (t.  of  free  air,*  compressed  to 
82  lbs.,  with  a  loss  of  only  2  lbs.  pressure.  This  volume  of  air  vnll 
run  six  3-inch  drills.  Under  the  same  conditions  a  6-inch  pipe, 
5,000  feet  long,  will  carry  i,too  cu.  ft.  of  free  air  per  minute, 
enough  for  1 3  drills.  The  tabic  on  following  pf^e,  published  in  the 
catalogue  of  the  Norwalk  Iron  Works  Company,  will  be  found  useful. 
A  mistake  is  often  made  in  putting  in  branch  pipes  of  too 
small  3  diameter.  For  a  distance  of  say  100  feet  a  i  J^-inch  pipe 
is  small  enough  for  a  single  drill,  though  i-inch  is  frequently 
used.  In  making  short  connections  it  is,  of  course,  admissible  to 
increase  the  velocity  of  flow  considerably  beyond  20  feet  per  sec- 
ond. Fig.  36  shows  in  a  convenient  form  the  relations  between 
length  of  piping,  volume  of  air  and  loss  of  pressure. f 
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Fig.  36. 

•  «  Fre«  air  "  is  air  at  almospheric  pressure.  In  most  table*  the  volume*  of  air  re- 
quired for  rock  drills  and  other  machines  are  given  in  terms  of  free  air,  Volume*  ol 
free  air  are  easily  converted  into  corresponding  volumes  of  compressed  air  by  dividing 
b;  the  absolute  pressure  in  terms  of  almospheies.  Thus,  a  volume  of  600  cu.  ft  of  free 
air  when  compiessud  to  So  tbs.  gauge  pressure  is  reduced  to   „  ^-^  =:  94.7+  cn.  A. 

f  Goodman:  Trans.  Fed.  Inst.  M.  E.,  Vol.  VII.,  No.  3,  p.  143. 
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Second.  Small  as  is  the  reduction  of  pressure  due  to  friction, 
the  actual  loss  of  power  is  still  smaller.  This  is  so  because  the 
compressed  air  increases  in  volume  as  its  pressure  diminishes,  thus 
producing  a  certain  amount  of  compensation.  The  loss  of  head 
may  easily  be  two  or  three  times  the  actual  loss  of  power.  It  is 
probable  that  in  practice  much  of  the  power  loss  experienced  is 
due  to  leakage  from  pipes.  Air  leaks  are  more  expensive  than 
steam  leaks  because  of  the  losses  already  sulTered  in  compressing 
the  air.  All  Joints  in  air  mains  and  branches  should  be  carefully 
made.  To  render  the  piping  readily  accessible  for  inspection  and 
stoppage  of  leaks  it  should  not  be  buried,  but,  if  possible,  carried 
in  boxes ;  or,  if  underground,  it  should  be  supported  upon  brack- 
ets in  the  mine  workings. 

For  long  lengths  of  piping  expansion  joints  are  required,  par* 
ticularly  when  on  the  surface.  Underground  they  are  not  re- 
quired, as  the  temperature  is  usually  nearly  constant,  except  in 
shafts,  or  elsewhere,  where  there  may  be  considerable  variations 
of  temperature  between  summer  and  winter. 

Air  mains  may  be  of  cast  or  wrought  iron.  If  of  wrought  iron, 
as  is  cnstomary,  the  lengths  are  connected  by  cast-iron  flanges 
into  which  the  ends  of  the  pipe  are  expanded  or  screwed.  Wrought- 
iron  spiral-seam  riveted,  or  spiral-weld  steel,  tubing  is  sometimes 
used.  It  is  made  in  lengths  of  20  feet  or  less.  For  convenience 
of  transport  rolled  sheets  in  short  lengths  may  be  had.  They  are 
punched  around  the  edges,  ready  for  riveting,  and  are  packed 
closely,  4,  6  or  more  sheets  in  a  bundle. 

Freezing  of  Moisture  Deposited  from  Compressed  Air. 
Reference  has  been  made  to  the  trouble  sometimes  caused  by 
the  congelation  of  the  moisture  carried  in  and  deposited  from  com- 
pressed air.  The  air  from  wet  compressors  usually  contains  more 
moisture  than  that  from  dry  compressors,  though  all  compressed 
air  carries  some  moisture.  With  dry  compressors  the  humidity  of 
the  intake  air  largely  determines  the  amount  of  water  carried  into 
the  pipes.  The  capacity  for  the  absorption  of  water  of  a  given 
volume  of  air  depends  upon  the  temperature  of  the  air.  At  a  uni- 
form temperature  this  capacity  is  constant,  and  for  the  same  vol- 
ume is  independent  o(-thc  pressure.  But,  if  a  certain  amount  of 
moist  atmospheric  air  be  compressed  isothermally,  say  to  -^  of  its 
original  volume,  its  water  capacity  is  also  reduced  to  1^,  and  ^^  of 
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the  water  originally  carried  in  the  air  is  deposited.  Therefore, 
while  the  water  capacity  of  a  given  volume  of  air  varies  with  the 
temperature,  it  must  change  also  with  any  increase  or  decrease  of 
the  pressure  which  changes  its  volume. 

Certain  conditions  are  required  to  cause  freezing  of  compressed 
air :  deposited  moisture  must  be  present,  and  must  be  subjected 
to  a  temperature  below  the  freezing  point.  So  long  as  the  tem- 
perature does  not  fall  low  enough  the  presence  of  moisture  can  do 
no  harm.  Although  one  of  the  recognized  functions  of  the  air 
receiver  is  to  permit  the  deposition  of  water  before  the  air  passes 
into  the  pipes,  still,  unless  the  receiver  be  extremely  large,  the  air 
must  leave  it  warm -^sometimes  even  quite  hot — and  therefore 
carries  considerable  moisture  with  it.  To  prevent  freezing  all  sur- 
face piping  must  be  protected  from  frost.  Otherwise  the  effective 
cross-section  of  the  pipe  will  be  reduced,  or  it  may  even  freeze 
solid  by  the  gradual  accumulation  of  ice.  The  temperature  under- 
ground is  rarely  low  enough,  except  in  winter  in  cold  down-cast 
shafts,  to  make  such  protection  necessary. 

The  foregoing  naturally  refers  only  to  the  effect  of  external  cold 
during  transmission  upon  the  moist  compressed  air.  For  another 
reason,  however,  the  air  should  be  drained  of  water  as  completely 
as  possible  before  it  is  used.  When  the  aif  is  finally  expanded  in 
the  rock  drill  or  air  motor,  intense  cold  is  produced  as  the  pres- 
sure falls  and  the  latent  heat  of  compression  is  absorbed.  It  is 
here  that  the  moisture  still  remaining  in  the  air  makes  its  appear- 
ance as  frost  and  causes  trouble.  Although  the  water  in  the  pipes 
may  be  readily  drained  away  under  the  proper  conditions,  the 
means  for  doing  it  are  often  neglected.  The  difficulty  is  efTectually 
overcome  by  introducing  an  underground  receiver  near  the  ma- 
chines using  the  air ;  that  is,  at  the  point  where  the  pressure  in 
the  pipe  has  reached  its  minimum  through  frictional  loss  of  head, 
and  where  the  temperature  of  the  compressed  air  has  become  nor- 
mal. If  the  air  main  be  led  into  such  a  receiver  the  water  already 
deposited  in  the  pipe  is  collected  and  may  be  drawn  off  at  inter- 
vals. 

At  the  Drummond  Colliery,  Nova  Scotia,  for  running  an  under- 
ground pump  by  compressed  air  two  receivers  are  used,  one  near 
the  pump,  and  another  300  feet  farther  back  on  the  pipe  line. 
The  air  pressure  in  the  main  from  the  surface  is  85  lbs.,  and  as  the 
proportions  of  the  cylinders  of  this  particular  pump  are  such  that 
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so  high  a  pressure  was  unnecessary  a  reducing  valve  was  put  in 
the  pipe  just  before  reaching  the  first  receiver.  By  this  valve  the 
air  is  wire-drawn  to  reduce  the  pressure  to  45  lbs.,  which  results  in 
a  deposition  of  nearly  one-half  the  entrained  water,  in  addition  to 
that  already  deposited  in  the  pipes.  It  is  found  that  more  mois- 
ture collects  in  the  first  than  in  the  second  receiver,  and  by  this 
device  the  serious  difficulty  previously  encountered  from  freezing 
at  the  pump  has  been  entirely  overcome.*  The  temperature  lost 
by  the  reduction  of  pressure  to  45  lbs.  is  regained  before  the  air 
reaches  the  pump. 

It  should  be  stated  in  this  connection  that,  under  ordinary  cir- 
cumstances, compressed  air  at  a  low  pressure  is  likely  to  give  more 
trouble  from  freezing  than  at  high  pressures,  because  a  larger  vol- 
ume of  air  is  required  to  do  the  same  work  in  the  motor  cylinder, 
the  lower  pressure  affords  less  opportunity  for  removing  the  mois- 
ture, and  more  water  actually  passes  into  the  cylinder.-f-  For  the 
prevention  of  freezing  the  plan  of  carrying  a  very  small  steam  jet 
over  the  exhaust  port  has  been  adopted,  but  obviously  could  be 
employed  only  when  steam  is  used  dose  by  for  some  other  pur- 
pose. 

Using  Compressed  Air  Expansively. 

In  machire  rock  drills  the  air  ts  admitted  to  the  cylinder  prac- 
tically throughout  the  full  stroke.  PJxpansive  working  is  not  ad- 
visable for  drills  because  strength  and  simplicity  of  mechanism  are 
of  the  first  importance  for  machines  subjected  to  such  rough  usage, 
and  because  of  the  diiHculty  of  adapting  cut-ofT  gear  to  the  variable 
length  of  stroke  required.  But  when  larger  machines,  such  as 
undei^round  pumps,  hoists  and  other  stationary  plant,  are  oper- 
ated by  compressed  air,  greater  economy  is  attained  by  using  the 
air  expansively;  that  is,  by  cutting  off  admission  before  the  end 
of  the  stroke. 

It  is  evident  that  when  the  air  is  used  in  this  way,  like  steam,  a 
large  part  of  the  loss  of  heat  must  take  place  inside  of  the  cylinder, 
instead  of  outside  at  the  mouth  of  the  exhaust  port  The  same 
total  fall  of  temperature  occurs  in  either  case,  whether  working  at 

■This  inrorauiion  has  been  kindly  rurnisheil  by  Mr.  Chutes  Fergie,  Supt  of  ihe 
DnimiDDnd  Colliery.  See  also  Mr.  Fcrgie's  article  on  Ihe  subject,  in  Tnnsoclioiu 
Canadian  Mining  Inst.,  1S96,  of  which  an  abstract  was  published  in  the  Colliery 
Guardian,  October  30,  1S96,  p.  'f%\. 

\  Frank  lUcIuirds,  Compressed  Air,  p.  155. 
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full  stroke  or  with  cut-off.  But,  in  exhausting  at  high  pressure,  as 
is  done  with  rock  drills,  the  exhaust  air  issues  from  the  port  at  a 
high  velocity,  and  its  force,  combined  with  the  development  of 
some  heat  from  friction,  in  a  measure  prevents  any  troublesome 
formation  of  ice.  It  is  confined  at  least  to  the  exterior  portion  of 
the  port,  whence  it  is  easily  removed  if  necccsary.  With  expan- 
sive working,  on  the  other  hand,  not  only  may  considerable  cold  be 
produced  inside  the  cylinder,  but  the  force  of  the  exhaust  is 
diminished  because  of  the  reduction  of  pressure  at  the  end  of  the 
stroke,  and  the  inner  portions  of  the  ports  are  liable  to  be  choked 
with  ice.  For  this  reason  it  is  of  much  greater  importance 
thoroughly  to  drain  the  air  before  use  in  engines  where  it  is  to  be 
employed  expansively  than  for  rock  drills.  Underground  receivers, 
valuable  in  any  case  as  equalizers,  become  almost  indispensable  for 
such  compressed  air  service. 

The  freezing-up  of  the  motor  cylinder  may  be.prevented  also  by 
heating  the  compressed  air  just  before  use,  or  by  heating  the  cyl- 
inder itself.  The  reheating  of  compressed  air  will  be  considered 
below. 

There  are  several  methods  of  warming  the  cylinder,  though 
none  of  them  are  very  convenient  or  successful.  The  cylinder 
may  be  jacketted  by  enveloping  it  with  spiral  hot-water  or  hot-air 
pipes,  or  by  injecting  hot  water  in  small  quantities.  Sometimes 
the  air  cylinders  of  small  compressed  air  pumps  are  warmed  by 
lamps  or  torches,  but  this  is  objectionable,  as  the  machines  become 
extremely  dirty.  All  such  devices  have  same  effect  in  increasing 
the  duty  of  compressed  air,  because  even  a  small  degree  of  heat 
so  applied  raises  the  pressure,  but  they  do  not  properly  come  un- 
der the  head  of  appliances  for  reheating  the  air,  nor  are  they  used 
with  that  end  in  view. 

Reheating  Compressed  Air. 
It  has  been  seen  that  after  the  warm  compressed  air  leaves  the 
compressor  and  receiver  on  its  journey  through  the  transmission 
piping  its  temperature  is  quickly  reduced  to  that  of  the  surround- 
ing atmosphere.  The  loss  thus  caused  could  be  prevented  only  by 
using  the  air  immediately  and  before  it  has  time  to  cool.  The  fa- 
cility with  which  ths  heat  of  compression  is  given  up,  however, 
suggests  that  something  might  be  gained  by  reheating  the  com- 
pressed air  when  it  reaches  the  place  where  it  is  to  be  employed. 
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By  such  reheating  an  additional  volume  of  air  is  produced  at  a 
much  cheaper  rate  than  if  it  were  produced  in  the  compressor  it- 
self. In  a  large  plant  at  Paris  only  0.2  lb.  of  coke  has  been  con> 
sumed  in  reheating  the  air  for  an  added  production  of  i  H.  P., 
which  is  say  about  one-eighth  of  the  fuel  consumption  of  the  best 
compressors.  This  result  agrees  closely  with  the  theoretical  fig- 
ures given  by  Mr.  Frank  Richards  in  his  book  on  Compressed 
Air,  p.  159.  But  it  must  be  remembered  that  to  effect  this  saving 
the  air  must  pass  after  reheating  directly  into  the  motor  cylinder. 
A  farther  conveyance  in  pipes  for  even  a  very  short  distance  rap- 
idly lowers  the  temperature  and  pressure,  so  that  reheating  in 
mining  operations  has  a  limited  application.  For  portable  ma- 
chines, like  rock  drills,  it  is  economically  out  of  the  questfon. 
For  stationary  engines,  however,  such  as  undei^round  pumps  and 
hoists,  and  wherever  the  reheater  can  be  placed  close  to  the  air 
engine,  reheating  becomes  useful  not  only  in  increasing  the  effi- 
ciency of  the  compressed  air,  but  in  preventing  freezing  at  the 
exhaust  ports  when  the  air  is  used  expansively.  In  underground 
work  it  may  be  difficult  to  arrange  for  burning  fuel  under  a  re- 
heater,  notwithstanding  the  comparatively  small  amount  of  fuel 
required,  because  of  the  resulting  vitiation  of  the  mine  atmos- 
phere. Also,  in  gassy  collieries  reheaters  cannot  well  be  used, 
though  sometimes  the  gases  of  combustion  may  be  turned  into  an 
upcast  airway,  or  even  allowed  to  escape  into  the  mine  workings 
when  the  active  circulation  of  large  volumes  of  air  is  maintained. 

The  heat  may  be  applied  by  passing  the  compressed  air  through 
a  coil  of  pipe  enclosed  in  a  small  furnace  near  the  motor.  As  this 
coil  forms  a  part  of  Che  air  main,  reheating  can  increase  the  pres- 
sure only  in  a  small  degree.  Its  real  effect  is  to  increase  the  i/ii/- 
»mf  of  air,  which  backs  up  in  the  main,  reducing  the  velocity  of 
flow  and,  therefore,  the  loss  of  pressure  due  to  friction.  Another 
method  of  reheating  has  been  proposed — that  of  placing  in  the  air 
main  an  electric  coil  heater.  This  would  do  away  with  the  diffi- 
culty of  disposing  underground  of  the  products  of  combustion  of 
the  fuel,  and  would  be  specially  useful  in  gassy  collieries.*  Oc- 
casionally, for  large  surface  plants  the  device  of  compounding  the 
motor  cylinders  has  been  adopted.  The  exhaust  from  the  high- 
pressure  cylinder  is  passed  through  another  reheater  before  going 
to  the  low-pressure  cylinder.  A  further  advantage  may  be  de- 
»  W.  L.  Saonden,  Enginttring  News,  Anput  as,  189^  p.  176. 
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rived  by  injecting  into  the  reheater  coils  a  very  small  quantity  of 
water.  The  water  is  converted  into  steam,  and  on  giving  up  its 
latent  heat  in  the  motor  cylinder  prevents  freezing  at  the  exhaust 
even  When  a  very  high  ratio  of  expansion  is  employed.  * 

At  a  constant  pressure  the  volume  of  air  is  proportional  to  its 
absolute  temperature,  or  459°  F.  plus  the  sensible  temperature  as 
read  on  the  thermometer.  The  absolute  temperature  of  air  at 
70°F.  is4S9  +  70—  529°.  In  doubling  the  volume  by  the  appli- 
cation of  heat  the  absolute  temperature  becomes  1058",  and  1058 
—  459  B  599°,  which  is  the  corresponding  sensible  or  thcrmo- 
metric  temperature  of  the  air.  On  account  of  the  rapidity  with 
which  air  gives  up  its  heat,  this  temperature  is  greatly  reduced  by 
the  time  it  reaches  the  motor  cylinder,  where  it  loses  still  more 
heat  before  its  work  is  done.  To  reheat  the  air  to  a  temperature 
which  would  really  double  its  volume  in  the  motor  cylinder  would 
involve  a  temperature  in  the  reheater  much  higherthan  599°-  ^"f 
such  temperatures  cannot  be  employed,  because  they  would  render 
impossible  the  proper  lubrication  of  the  cylinder.  If  the  tempera- 
ture be  raised  by  the  reheater  to  400°  F.  a  loss  of  say  100°  should 
be  allowed  for  cooling  before  the  air  is  actually  used.  The  abso- 
lute cylinder  temperature  is  then  300  +  459  =»  759°,  and  the  cor- 
responding added  volume  of  compressed  air  is  found  by  the  pro- 
portion. 

529  :  759  ::  i  :  1.43 

That  is,  there  has  been  an  effective  increase  of  43%  in  the  volume 
of  compressed  air  by  heating  in  the  reheater  to  400°.  It  is  im- 
probable that  a  much  higher  temperature  would  be  desirable. 

Capacity  of  Air  Compressors. 
A  standard  of  rating,  useful  for  ordinary  purposes/is  the  capacity 
in  terms  of  cubic  feet  of  free  air  compressed  per  minute  to  a  given 
pressure.  The  expression  "  free  air  "  means  air  at  atmospheric 
pressure,  as  taken  into  the  cylinder,  and  the  theoretical  capacity  is 
found  by  multiplying  the  net  piston  area  in  square  feet  by  the  dis- 
tance traveled  by  the  piston  in  feet  per  minute.  The  actual  capadty 
will  be  somewhat  less  than  thison  account  of  the  various  losses  due 
to  leaks,  clearance,  induction  of  varm  air,  friction  of  inlet  valves, etc. 
In  a  properlydeMgnedcompressaran  allowance  of  15%  is  sufficient 
•Goodman:  Tram.  Fed.  Inst.  M.  E.Vol.  VII.,  No.  >,  p.  345. 
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to  cover  these  losses,  which  must  not  be  confounded  with  the  me- 
chanical loss  of  work ;  that  is,  the  work  expended  in  overcoming 
friction  in  running  the  compressor. 

Having  found  the  capacity  in  terms  of  free  air,  the  volume 
occupied  by  this  air  at  any  given  pressure  is  calculated  by  Mari- 
otte's  law,  represented  in  its  simplest  form  by  the  expression: 

?'=  absolute  pressure  of  the  air  at  any  point  of  the  stroke ;  that  is, 
after  the  piston  has  traveled  any  given  distance.  It  must  be  re- 
membered that  gauges  register  pressures  above  atmospheric  pres- 
sure, so  that  P  =  gauge  pressure  +  14.7  lbs.  (in  round  numbers 
15  pounds).  For  example,  lOO  cubic  feet  of  free  air  compressed 
isothermally  to  65  lbs.  gauge  pressure  will  occupy  a  volume ; 

V'~  '"OX  '5  ^18.75  on.  ft. 
65  +  IS 

Conversely  the  volume  of  free  air  represented  by  18.75  cu.  ft.  at  65 
lbs.  gauge  pressure  is: 

y^   ■S7S(65-fi5)^,oo,„.ft. 
IS 

By  applying  the  allowance  for  losses,  stated  above,  results  are  ob- 
tained sufRciently  correct  for  practical  purposes. 

The  capacity  of  a  compressor  may  be  stated,  also,  in  terras  of 
the  horse-power  developed  by  the  steam  end  of  the  engine.  The 
effective  horse-power  of  the  air  delivered,  however,  must  be  calcu- 
lated from  an  indicator  card  taken  from  the  air  cylinder.  In  con- 
sidering an  air  card  it  should  be  observed  that  the  various  lines 
have  a  signification  different  from  those  of  a  steam  card.  They  are 
reversed  thus : 


Steam  Card. 
Admission  line. 
Expansion   " 

Back-pressure  or  exhaust  line. 
Compression  line. 


Air  Card. 
Delivery  line. 
Compression  line. 
Admission  line. 
Re -expansion  line. 


Hie  re-expansion  line  in  an  air  cylinder  is  the  pressure  line  re- 
sulting from  the  expaifsion  of  the  air  filling  the  clearance  space. 
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Compressors  for  mine  work  are  usually  roughly  rated  as  furnish- 
ing sufficient  air  to  operate  a  certain  number  of  rock  drills.  A 
3-inch  drill  requires  a  volume  of  air  at  60  lbs.  pressure  equal  to 
80  or  90  cu.  ft.  of  free  atmospheric  air  per  minute. 

Air  Compression  at  High  Altitudes. 
Because  of  the  diminished  density  of  the  atmosphere  at  high 
altitudes  air  compressors  do  not  give  the  same  results  in  mountain- 
ous regions  as  at  sea-level.  For  example,  a  compressor  furnishing, 
at  the  atmospheric  pressure  of  15  lbs.,  8^2  cu.  ft.  of  air  at  sea* 
level,  will  produce  only  ^22  cu.  ft.  at  6,ooo  ft.  elevation,  and  634 
cu.  ft.  at  10,000  ft.  The  following  table  shows  the  reduction  of 
efficiency,  at  various  elevations,  for  a  gauge  pressure  of  60  lbs: 

Table  V. 


„.o.^.=   ,...,„ 

™.scv. 

0 

1.000 

IO<X> 

3778 

.969 

3000 

.940 

36-74 

4000 

as.70 

"473 

K 

23.93 

33.04 

■77S 

13000 

18.93 

The  volume  of  compressed  air  produced  at  a  given  altitude  may 
be  found  by  multiplying  its  capacity  at  sea-level  by  the  percentage 
efficiency  in  the  third  column  above. 

Although  somewhat  less  power  is  consumed  in  running  a  com- 
pressor above  sea-Ievel,  still  the  required  horse-power  is  not  de- 
creased in  a  degree  corresponding  with  the  reduced  capacity.  The 
disadvantages  of  ordinary  poppet  valves,  controlled  by  springs, 
increase  as  the  atmospheric  pressure  diminishes,  because  such 
valves  must  open  later  in  the  stroke  than  when  at  sea-level.  It  is 
found  that  compressors  using  same  form  of  mechanically  controlled 
inlet  valve  are  well  adapted  for  work  at  high  altitudes.  Some 
builders  make  the  air  cylinders  for  mountain  work  proportionately 
larger  for  the  same  size  of  steam  cylinder,  but  the  net  result  is  that 
at  high  altitudes  compressed  air  costs  more  than  at  sea-level. 
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Efficiency  of  Production  and  Transmission  of  Power  by 

Compressed  Air. 
In  calculating  the  efficiency  of  the  production  and  transmission 
of  power  by  compressed  air  several  losses  arc  to  be  taken  into  ac- 
count.    The  following  estimate  is  for  a  gauge  pressure  of  75  lbs. 

1.  The  mechanical  loss  due  to  the  friction  of  the  moving  parts 
of  the  compressor.  This  ranges  from  a  minimum  of  about  5%,  in 
large,  tandem  compressors  with  Corliss  valve  gear,  up  to  say  15% 
in  some  of  the  smaller  machines.  The  friction  loss  in  ordinary 
straight-line  compressors,  in  good  order,  may  be  taken  as  10%. 

2.  The  loss  of  energy  in  the  work  of  compression,  due  to  the 
heating  of  the  air.  This  loss  is  represented  by  the  difTerence  be- 
tween the  actual  mean  efTective  pressure  in  the  air  cylinder  and 
the  pressure  that  would  be  required  for  isothermal  compression. 
It  is  rarely  less  than  15%. 

3.  Several  losses  may  here  be  grouped  under  one  head,  caused 
by  the  heating  of  the  intake  air  by  the  hot  metal  surfaces  in  the 
cylinder;  clearance;  friction  of  vatves,  and  leakage  at  piston  and 
valves,  amounting  in  ail  to,  say,  iz^.  A  further  preventable 
loss  would  result  from  the  induction  of  warm  air  from  the  engine 
room. 

The  sum  of  these  losses  leaves  a  total  net  efHciency  for  the  com- 
pressor of: 

90  X  85  X  88  —  67+  %. 

which  may  be  considered  as  representing  good  average  work.  In 
compound  (two-stage)  compression  the  efficiency  may  be  some- 
what higher.  Under  the  best  conditions,  where  the  friction  loss  is 
as  low  as  $<fo,  and  the  other  losses  are  cut  down  slightly,  the 
efficiency  may  reach  in  the  neighborhood  of  7S'fo,  rarely  higher. 

Lifsses  in  the  Transmission  and  Use  of  Cotnfressed  Air.  i.  The 
loss  caused  by  friction  and  leakage  during  transmission  in  the  pip* 
ing  needs  not  exceed  3%  or  4^  in  ordinary  mining  practice. 

2.  The  lo»s  due  to  imperfect  final  expansion  in  the  cylinder  of 
the  machine  using  the  compressed  air  is  usually  a  heavy  one.  It 
is  the  difTerence  between  the  work  actually  done  and  that  which  is 
theoretically  obtainable  from  the  air.  If  perfect  expansioo  io  tha 
motor  cylinder  were  possible  the  only  loss  here  would  be  that 
caused  hy  friction  of  the  mechanism.    But  this  is  never  realized 
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even  under  the  most  favorable  conditions.  In  all  rock-drills,  and 
in  many  pumps  and  other  air  engines,  there  is  no  attempt  to  use 
the  air  expansively.  In  a  drill  the  work  is  done  hy  pressure  of  the 
air  only,  final  expansion  taking  place  after  exhaust.  Ordinary 
direct  acting  pumps,  also,  when  they  are  run  by  compressed  air 
take  the  air  as  they  do  steam,  throughout  the  whole  stroke.  Upon 
the  whole,  the  work  of  compressed  air  drills  and  pumps,  in  com- 
mon mining  practice  is  done  at  a  motor  loss  of  from  40%  to  50%.* 
This  is  apparently  a  poor  showing,  but  is  not  at  all  unusual. 

The  sum  of  all  the  losses,  as  above,  leaves  a  net  efficiency  of 
67  (compressor)  x  96  (transmission  piping)  x  60  (air  engine) 
=  38  +  %.  This  should  be  considered  fairly  satisfactory  work. 
Taking  the  motor  loss  as  50  %  (which  is  probably  not  far  from 
the  truth  at  least  so  far  as  pumps  are  concerned),  the  efHciency 
becomes  32  %.  By  reheating  the  air  and  using  it  in  a  properly 
designed  engine,  the  total  efficiency  of  the  system  may  be  raised 
to  50  ^,  or  perhaps  even  more,  but  it  is  safe  to  conclude  that  no 
such  result  is  attainable  at  present  in  ordinary  mining  operations. 
In  part  first  of  this  article  reference  has  been  made  to  what  appears 
to  be  an  unavoidably  wasteful  use  of  air  in  rock  drills.  They  are, 
notwithstanding,  fairly  satisfactory  machines,  and  whether  or  not 
they  are  economical  in  their  consumption  of  air  is,  under  the  cir- 
cumstance, really  a  matter  of  secondary  importance.  With  un- 
derground pumps  the  case  is  different,  and  there  is  room  for  great 
improvement.  Although  to  the  present  time  compressed  air  has 
not  been  much  used  for  mine  pumping,  its  great  convenience  for 
such  service  is  unquestionable,  and  the  subject  should  receive  the 
attention  of  mechanical  engineers. 

Air  Compression  by  Direct  Action  of  Falling  Water. 

Although  this  method  of  compression  involves  no  new  idea,  it 
has  been  only  recently  successfully  carried  out  for  producing  large 
volumes  of  compressed  air.  During  1 896  the  Taylor  Hydraulic 
Air  Compressing  Company,  of  Montreal,  Canada,  erected  a  plant 
embodying  the  system  for  the  Dominion  Cotton  Mills,  Magog, 
Province  of  Quebecf  Where  the  conditions  permit  its  introduc- 
•  Zohoer,  Transmisiion  of  Power  by  Compressed  Air,  p.  97.  Sanndtis,  EngtHtrr- 
ing  Nmi,  Augmt  15,  1893,  p.  175.  Goodmaa,  TrsDS.  Feil.  Inst.  M.  E.,  VoL  VIL, 
No.  1,  p.  344. 

f  The  following  description  is  based  upon  an  article  in  the  Canadian  Enginttr, 
March,  1897,  and  in'onnation  lumiihed  by  the  builden.  See  alio  Engirutrb^  ama 
Mining'  yvumal,  Dec.  a6,  1896,  p,  606. 
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tion  it  promises  to  be  useful  for  mining  operations  also.  The  air 
is  compressed  directly  by  water  power,  without  the  use  of  moving 
parts. 
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A  shaft  (Fig.  37)  is  sunk  to  a  depth  necessary  to  give  the  de> 
sired  pressure,  and  in  it  is  placed  a  large  vertical  compressing 
pipe,  a.  This  pipe  passes  through  the  bottom  of  an  iron  receiving 
chamber,  ^,  on  tiie  surface,  to  which  water  is  conducted  from  a 
dam  or  reservoir.  Water  flows  into  and  fills  the  pipe,  which  ex- 
tends nearly  to  the  bottom  of  the  shaft.  By  means  of  an  arrange- 
ment of  small  pipes  described  below,  air  is  drawn  into  the  vertical 
pipe  with  the  water  and  is  compressed  while  being  carried  down 
the  shaft.  The  compressed  air  collects  in  a  separating  chamber,  c, 
at  the  bottom  of  the  shaft,  while  the  water  is  returned  to  a  tailrace 
near  the  top,  giving  in  the  Magog  installation  an  efTective  head 
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of  about  22  feet.  Into  the  t6p  of  the  vertical  pipe  is  inserted  b 
telescoping  section  of  pipe,  d,  to  th«  upper  end  of  which  is  riveted 
a  bell-tnouth,  ^.  Abotfe  the  latter  is  a  cylindrical  headpiece,/, 
(Fig.  38),  termiRating  below  in  an  inverted  conoid,  g,  projecting  into 
the  bell.  These  two  parts  are  connected  by  lugs  and  bolts  in  such 
way  as  to  leave  an  annular  opening  between  them,  through  which 
the  water  enters  the  vertical  pipe.  Around  the  headpiece  is  set  a 
series  of  2-tnch  pipes,  //,  k,  open  at  the  top  and  closed  at  the  bot- 
tom. Into  each  of  these  pipes,  near  their  lower  ends,  are  screwed 
a  number  of  short  horizontal  ^.inch  pipes,  i,  i,  all  directed  into  the 
annular  opening  at  the  bell  mouth  and  towards  the  center  of  the 
main  pipe.  As  the  entering  water  passes  among  the  small  pipes 
a  partial  vacuum  is  created  in  them,  so  that  the  atmospheric  pres- 
sure drives  the  air  into  the  water  in  the  shape  of  small  bubbles. 
Theseare  carried  with  the  water  down  the  main  pipe,  and  on  their 
way  are  compressed. 

Near  the  bottom  of  the  shaft  the  vertical  compressing  pipe 
enters  the  large  circular  "separating"  tank,  f,  open  below  and 
supported  upon  legs  which  raise  it  above  the  sh«ft  bottom. 
-Within  the  tank  and  directly  under  the  pipe  is  the  "  disperser,"  J, 
a  conoidat  casting  like  the  one  in  the  headpiece.  Plates,  k,  are 
are  added  around  the  periphery  of  the  disperser  to  give  it  a  larger 
diameter.  Below  is  a  conical  apron,  /,  riveted  to  the  interior  of  the 
separating  tank.  When  the  water,  charged  with  air  bubbles, 
reaches  the  disperser  it  is  directed  outward  toward  the  circumfer- 
ence ;  is  then  deflected  by  the  apron  toward  the  center  under  the 
disperser,  and  finally  escapes  through  the  open  bottom  of  the 
separating  tank  into  the  return  column.  During  this  process  of 
travel  the  compressed  air  separates  from  the  water,  most  of  it  col- 
lecting in  the  upper  part  of  the  air  chamber.  A  portion  of  the  air 
is  not  liberated  until  the  water  reaches  the  lower  part  of  the  tank, 
under  the  apron.  Here  it  collects  in  the  annular  space  and  joins 
the  main  body  of  air  through  the  pipe,  tn.  The  compressed  air 
collecting  in  the  top  of  the  air  chamber  is  kept  under  pressure 
by  the  weight  of  the  return  water  column  in  the  shaft.  As  the 
small  air  bubbles  are  constantly  surrounded  by  cold  water,  it  is 
evident  that  by  this  system  isothermal  compression  is  attained, 
with  its  corresponding  advantages  in  minimizing  the  amount  of 
moisture  carried  in  the  air.    This  has  been  shown  by  tests. 

The  shaft  at  the  Magog  mills  is  1 28  ft.  deep,  and  the  air  pressure 
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52  lbs.  per  sq.  in.  It  is  stated  that  the  plant  has  been  running 
successfully  since  September,  1S96.  Its  efficiency  is  shown  by  the 
following  table*  to  be  from  50.1^  to  624  ^.according  to  tiie 
quantity  of  water  used  : 

Tablb  VI. 
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Tempenture*  duting  tests:    extenud  air  75°  to  83O;  wtter  75.3010  80O;  com> 

pressed  air  75. 3°  to  SoO. 

The  parts  were  not  correctly  proportioned  in  this  first  instal- 
lation, and  there  is  no  doubt  that  the  cfHciency  could  be  consider- 
ably increased  by  using  a  relatively  larger  air  chamber  at  the 
bottom  of  the  shaft,  to  prevent  air  from  going  to  waste.  As  shown 
by  the  table,  the  efficiency  is  increased  by  diminishing  the  volume 
of  inlet  water,  upon  which  depends  the  quantity  of  air  carried 
down  and  compressed. 

In  building  a  plant  to  produce  higher  air  pressure  the  motive 
head,  or  difference  in  level  between  the  surfaces  of  water  at  inlet 
and  tail-race,  would  be  increased.  The  theory  is  as  follows:  The 
combined  specific  gravity  of  the  mixture  of  air  and  water  in  the 
vertical  compressing  pipe  is  less  than  that  of  the  water  in  the  re- 
turn column.  That  is,  the  weight  of  water  in  the  compressing  pipe 
is  less  per  foot  than  in  the  return  column.  Therefore,  the  head  re- 
quired, to  overcome  friction  and  to  produce  flow,  must  be  greater 

*Teits  nude  by  Prof.  C.  H.  McLeod,  of  McGill  University,  Ans*^  '89^.  ^^ 
lilhed  in  Eng,  and  Min.  Jaurnal,  December  36,  1896,  p.  G06. 
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than  if  the  apparatus  were  merely  an  inverted  siphon,  and  as  the 
difference  in  weight  increases  with  depth  (and  air  pressure  pro- 
duced) a  constantly  increasing  motive  head  must  be  provided. 
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NOTES  ON  THE  PRESENT  WESTERN   PRACTICE  OF 

METALLURGY— ECONOMICALLY  CONSIDERED. 

Bv  W.  B.  DEVEREUX. 

President  Low  has  invited  me  to  occupy  a  few  hours  in  discussing 
with  you  some  of  the  aspects  of  Western  metallurgy.  In  under- 
taking to  comply  with  this  invitation,  I  am  in  doubt  as  to  what 
method  will  enable  me  to  utilize  your  time  to  the  best  advantage. 
My  task  is  both  easier  and  more  difficult  for  the  reason  that  you 
have  already  gone  over  so  much  of  the  subject ;  easier  be- 
cause it  enables  me  to  avail  myself  of  the  information  you  have 
already  acquired  ;  more  difficult  because  I  wish  to  avoid  the  repe- 
tition of  what  you  already  have  at  your  command.  The  field  from 
which  I  am  to  select  my  subject-matter  is,  however,  very  extensive, 
and  one  in  which  great  activity  prevails.  Much  of  the  recent 
progress  has  not  yet  been  recorded  in  available  form,  and  even  in 
the  recent  metallurgical  literature,  there  is  much  which  needs  the 
test  of  practical  knowledge  and  additional  experience  before  it  is 
entitled  to  a  permanent  record.  Moreover,  apart  from  its  technical 
side,  Western  metallurgy  involves  many  factors  contributing  to 
success  or  failure  which  are  hardly  entitled  to  a  place  in  the  litera- 
ture of  the  subject.  It  seems  to  me  desirable,  therefore,  to  first 
occupy  a  portion  of  your  time  with  some  general  considerations 
and  afterwards  to  outline  some  of  the  more  recent  metallurgical 
tendencies  and  practice.  After  all,  much  that  I  shall  say  to  you 
will  probably  have  a  familiar  sound  ;  for,  although  modifications  of 
both  processes  and  appliances  are  constantly  being  introduced, 
radical  innovations  are  seldom  made,  and  even  then  gain  a  foot- 
liold  only  by  degrees.  Economical  considerations  should  furnish 
the  motive  for  introducing  variations  in  practice,  and  unless  these 
stand  the  test  of  the  balance-sheet,  they  have  no  place  in  cotnmer- 
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<Hal  work.  At  the  outset  I  wish  td  emphasize  the  ftict  that  metal- 
lurgy cannot  be  mastered  either  in  the  class-room  or  with  books. 
Together  these  will  enable  you  to  learn  what  processes  are  in  use 
for  the  extraction  of  metals  frtmi  their  ores,  and  to  obtain  a 
knowledge  of  the  various  devices  by  which  these  processes  are 
carried  on ;  but  that  particular  knowledge,  so  difficult  to  deRnc, 
which  I  may  term  "  the  how  "  to  do  things,  is  something  which 
you  must  acquire  by  actual  practice.  Do  not,  however,  let  the  re^ 
alization  of  this  fact  discourage  you,  for  equipped  with  a  general 
knowledge  of  the  theory  and  practice  of  metallurgy,  you  can  take 
up  practical  work  under  conditions  which  will  enable  you  to  grasp 
the  details  of  practice  rapidly  and  with  intelligent  understanding. 
There  is  no  art  to  which  the  same  reasoning  does  not  apply. 
Theory  must  always  be  supplemented  by  practice.  The  doing  of 
the  thing  always  differs  by  indefinable  variations  from  the  descrip- 
tion of  how  it  is  done,  and  new  problems  never  comprise  exactly 
the  same  factors  as  those  already  solved. 

To  illustrate:  Suppose  you  were  to  go  into  a  metallurgical 
-works  and  take  up  your  position  near  a  blast  furnace.  After  you 
had  watched  its  operation  for  half  an  hour,  you  would  conclude 
that  the  whole  process  was  apparently  a  series  of  simple  operations 
repeated  at  regular  intervals.  You  would  see  the  man  at  the  top 
of  the  furnace  charging  the  ore  mixture,  the  calculations  of  which 
would  present  no  especial  difficulty.  At  the  bottom  of  the  furnace 
you  would  see  slag  being  drawn  off"  at  intervals  and  at  other  in- 
tervals the  metallic  products.  The  whole  cycle  of  operations  would 
proceed  regularly  and  without  interruptions  or  miscalculations.  If 
you  were  to  go  away  after  watching  these  operations  for  a  short 
time  you  might  possibly  think  that  you  had  seen  the  whole  of  a 
blast  furnace  smelting.  But  suppose  you  were  one  of  the  stalT  of 
workmen  actually  operating  this  furnace,  and  you  were  compelled 
to  spend  eight  or  twelve  hours  a  day  in  doing  these  very 
things  that  you  have  already  seen.  Sooner  or  later  a  time  would 
come  when  the  fumacewould  begin  to  work  irregularly  and  fail  to 
perform  its  regular  functions. 

The  assays  might  show  that  the  slag  contained  excessive  quanti- 
ties of  valuable  metal ;  the  melted  products  might  become  cold 
and  fail  to  flow  properly ;  tapping  might  become  difficult ;  the 
chaise  might  descend  irregularly  or  become  too  hot  on  top.  At 
9uch  times  as  these,  if  you  were  one  of  the  working  staff,  you 
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would  at  once  iind  yourself  in  a  moat  valuable  training  school. 
The  reasons  for  the  special  trouble  would  be  determined,  and  you 
would  assist  in  the  application  of  the  remedy,  your  scientific 
knowledge  enabling  you  at  the  same  time  to  understand  the 
reasons  for  whatever  action  was  taken. 

In  a  few  months,  in  all  probability,  almost  all  of  the  accidental 
difficulties  which  arise  would  have  come  up  for  a  solution,  and 
your  knowledgre  of  the  same  would  have  become  comprehensive 
and  available.  There  is  nothing  more  necessary  to  the  metallur- 
gistand  nothing  which  gives  him  more  satisfaction  than  the 'ability 
to  diagnose  irregularities,  and  to  correct  them  quickly  and  surely. 
There  is  nothing  which  so  completely  enables  him  to  command 
the  respect  of  his  men  and  their  best  services  as  the  ability  to 
show  them  what  to  do  and  how  to  do  it. 

My  advice  to  you,  therefore,  is  to  lose  no  opportunity  to  gain 
practical  experience  and,  wherever  you  are,  make  it  your  first 
business  to  learn  how  to  do  everything  and  to  be  able  to  take  the 
lead  even  under  the  most  difHcult  and  trying  circumstances.  The 
time  which  you  spend  watching  ordinary  commonplace  operations, 
which  are  going  on  from  day  to  day  at  any  works  with  which  you 
are  connected,  is  never  lost  and  will  give  the  most  valuable  ex- 
perience which  you  can  acquire.  It  will  round  out  your  theoreti- 
cal knowledge,  put  you  in  touch  with  the  little  niceties  of  your 
profession,  and  give  you  that  intuitive  perception  which  can  only 
come  from  close  observation  and  practice. 

As  a  rule,  only  a  few  metallurgists  in  the  West  are  able  to  de- 
vote themselves  to  metallurgical  problems  pure  and  simple.  It  is 
only  in  the  large  custom  smelting  works  that  they  are  relieved 
from  business  transactions  and  have  only  to  concern  themselves 
with  the  purely  scientific  side  of  the  problems  which  come  up  for 
solution  and,  of  course,  it  is  these  great  establishments  which 
afTord  the  best  opportunities  to  make  improvements  and  to  try 
experiments  looking  toward  improved  processes.  Western  metal- 
lurgy has  for  its  object  the  treatment  of  ores  produced  in  the  great 
mountain  region  between  the  Western  plains  and  the  Pacific  coast 
which  reaches  from  the  Arctic  regions  down  through  the  United 
States  and  Mexico,  It  may  be  truthfully  said  that  the  ores  from  all 
these  regions  comf  to  one  or  the  other  of  the  various  metallurgical 
establishments  in  the  United  States  and,  in  addition  to  these,  in 
the  past  few  years  large  works  have  been  established  in  Mexico 
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and  in  the  British  possessions  on  the  north.  Ores  of  every  possible 
description  come  to  these  works,  but  it  by  no  means  follows 
that  these  ores  are  all  treated  at  the  works  nearest  the  mines 
which  produce  them.  In  nearly  all  of  the  smelting  works 
of  this  country  you  will  And  that  ores  are  constantly  com- 
ing in  from  distant  regions,  owing  to  the  fact  of  the  particular 
works  in  question  being  able  to  pay  a  higher  price  than  works 
nearer  at  hand.  This  is  due  to  the  fact  that  a  given  ore  may  sup- 
ply a  desirable  ingredient  for  one  locality  and  at  the  same  time  be 
undesirable  or  unnecessary  at  another. 

A  knowledge  of  metallurgy  and  metallui^ical  conditions  is 
necessary  for  every  mining  engineer.  The  two  professions  of 
engineer  and  metallurgist  almost  invariably  overlap  in  the  West, 
especially  in  remote  districts.  The  conditions  vary  so  much  even 
in  localities  near  together  that  the  determination  of  the  proper 
metallui^ical  treatment  of  any  ore  becomes  a  problem  of  the 
greatest  nicety.  Of  course,  where  mines  are  within  reach  of  large 
custom  works ;  the  metallurgy  of  the  mine  is  of  little  importance, 
although  the  mine  manager  must  know  the  value  of  ores  from  a 
smelter's  standpoint  in  order  to  so  mine  them  as  to  obtain  the  best 
returns.  But  there  are  thousands  of  mines  which  are  so  far  distant 
from  metallui^ical  centers  that  the  questions  of  transportation 
preclude  the  shipment  of  ores,  except  where  the  values  are  very 
high  and  hence  local  treatment  becomes  a  necessity.  Those  who 
are  called  upon  to  pass  upon  these  problems  and  to  carry  out  the 
plans  ultimately  adopted  must  have  not  only  a  knowledge  of  gen- 
eral metallurgy,  but  of  a  thousand  other  things  which  are  no  part 
of  metallurgy  itself.  In  fact,  there  is  very  little  information  which 
will  not,  sooner  or  later,  be  found  useful. 

Suppose  you  were  to  consider  the  possibility  of  smelting  an  ore 
at  a  distance  from  the  railroad  in  one  of  the  Western  deserts. 
One  of  the  first  requisites  to  determine  would  be  the  available  sup- 
ply of  water.  There  might  be  available  a  stream  which  would  con- 
tribute no  water  in  the  dry  season  and  a  flood  in  the  wet.  Storage 
reservoirs  might  therefore  be  a  necessity,  and  this  would  involve 
extensive  engineering  knowledge.  Long  distance  pumping  might 
be  a  necessity  from  which  would  arise  another  set  of  problems. 

There  might  be  an  underground  current  in  the  bed  of  the  stream 
in  the  dry  season  which  would  furnish  the  necessary  water,  and 
this  could  only  be  determined  by  sinking  wells.     The  available 
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Supply  of  timber  and  its  suitability  would  be  another  factor,  also  the 
relative  costs  of  coke,  coal  and  charcoal.  If  fuel  was  to  be  brought 
in  by  rail,  your  knowledge  of  railway  conditions  might  materially 
affect  the  rates  of  transportation  ultimately  decided  upon.  At  the 
same  time,  the  question  of  wagon  transportation  would  determine 
an  important  proportion  of  the  total  costs  of  fuel  and,  in  addition, 
the  cost  of  getting  the  product  of  the  works  to  its  destination. 

It  would  hardly  occur  to  you  as  a  first  experience  that  the  fact 
of  grass  growing  along  the  line  of  your  wagon  road  and  being 
available  throughout  the  year  might  determine  the  question  as  to 
whether  ore  could  or  could  not  be  smelted  at  the  mine  !n  question, 
or  that  the  price  of  hay  and  oats  might  determine  the  amount  of 
profit  or  loss.  And  yet,  just  such  conditions  as  these  are  deter- 
mining to-day  the  profit  and  loss  account  of  active  mining  opera- 
tions. The  reason  of  this  is  very  simple.  If  grass  is  available  for 
feed,  freighting  can  be  done  with  oxen  which  are  turned  out  at 
night  to  graze.  If  no  grass  is  available, hay  and  grain  must  be  fed, 
•and  the  price  of  freighting  is  correspondingly  greater. 

The  treatment  of  ores  in  the  West  comprises  a  few  type  pro- 
cesses upon  which  are  based  innumerable  variations.  Smelting, 
amalgamation  and  lixiviation,  alone  or  in  combination,  are  the  gen- 
eral methods  by  which  nearly  all  ores  are  treated.  The  selection 
of  the  method  and  its  minor  variations  must  depend  on  local  con- 
ditions. In  a  general  way  smelting  may  be  said  to  have  super- 
seded all  other  processes  where  suitable  fuel  can  be  obtained  at  a 
reasonable  price,  where  transportation  facilities  are  satisfactory, 
and  where  sufficient  lead  or  copper  can  be  obtained  to  collect 
the  precious  metals  in  the  ores  which  are  available  for  treatment. 
Many  ores,  however,  require  a  preliminary  concentration  to  pro- 
vide a  product  suitable  for  metallurgical  operations.  The  great 
advantage  in  smelting  is  due  to  the  fact  that  the  percentages  saved 
are  almost  universally  higher  than  by  any  other  method  and,  there- 
fore, as  the  ore  increases  in  value  the  total  saving  becomes 
greater,  and  the  disadvantage  of  freight  charges  and  perhaps 
even  a  higher  treatment  cost  is  overcome.  For  instance,  the  Crip- 
ple Creek  district  in  Colorado  produces  large  quantities  of  high- 
grade  ore  running  from  fifty  to  several  thousand  dollars  per  ton,  and 
also  immense  quantities  of  so-called  "low-grade"  ore  averaging  from 
ten  to  twenty  dollars  per  ton.  Although  there  are  very  lai^e  chlori- 
nation  and  cyanide  establishments  that  are  amply  capable  of  buy 
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ing  the  Cripple  Creek  ores,  very  little  high-grade  ore  is  treated  in 
these,  the  smelters  being  able  to  command  the  market,  in  spite  of 
the  fact  the  ores  are  essentially  quartzosa  and  have  to  be  provided 
not  only  with  lead  or  copper  for  the  collection  of  the  gold,  but  also 
with  a  considerable  amount  of  iron  and  lime  for  flux. 

The  smelting  industry  of  the  West  comprises  two  distinct 
branches :  namely,  lead  and  copper  smelting.  In  the  first,  lead  is 
used  as  a  collector  of  the  precious  metals,  the  conditions  being 
such  that  the  smelting  of  ores  containing  lead  only  has  so  far  not 
proved  commercially  profitable.  Owing  to  the  fact  that  almost 
all  ores  of  the  precious  metals  carry  some  copper,  the  treatment  of 
that  metal  has  also  become  a  subordinate  branch  of  lead'Silver 
metallurgy,  and  in  recent  years  the  copper  obtained  as  a  by-prod- 
uct has  become  an  important  item. 

Copper  smelting  includes  the  treatment  of  ores  which  contain 
only  copper,  and  also  those  which  contain  both  copper  and  pre- 
cious metals. 

Lead-Silver  Smelting. 

Lead-silver  smelting  is  an  important  industry  in  the  West,  and 
is  carried  on  both  by  mining  companies  with  their  own  ores,  and 
by  custom  smelting  works  which  purchase  their  ores  in  the  open 
market. 

Wherever  the  conditions  are  favorable  this  method  has  done 
away  with  the  necessity  for  other  metallurgical  processes,  except 
in  the  case  of  low-grade  gold  ores,  these  still  being  more  economic- 
ally treated  by  amalgamation  or  lixiviation. 

Custom  works  are  generally  located  at  large  railroad  centres 
where  coal  and  coke  are  abundant  and  cheap,  and  where  ores  can 
be  drawn  from  a  large  extent  of  country,  thus  enabling  smelters  to 
purchase  ores  of  every  variety  and  in  such  quantities  that  the 
amount  of  barren  flux  added  to  make  a  smelting  mixture  shall  be 
minimum.  They  offer  great  advantages  to  mine  owners  in  that 
they  purchase  ores  for  cash  upon  an  ^reed  basis  and  obviate  the 
iief:e$sity  for  individual  works  at  the  mines.  Moreover,  there  are 
very  few  mlaes  the  product  of  which  is  of  such  a  character  that  it 
cai)  be  uQclted  by  itself,  the  general  condition  being  that  large 
amounts  of  barren  flux  must  be  added,  or  the  mining  company 
9)iiit  itKlf  become  a  custom  smelter,  buying  aueh  ores  as  will  siU- 
Q$«  to  make  a  smelting  miKture  when  added  to  its  own.    .Aa 
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the  metallurgy  in  both  instances  is  carried  on  under  practi- 
cally  the  same  conditions,  I  shall  endeavor  to  give  you  a  resume 
of  the  best  smelting  practice  of  to-day,  and  also  to  show  you  in 
what  direction  changes  and  improvements  are  being  made,  and  to 
(vhat  ultimate  results  metallurgists  are  striving  to  attain. 

In  both  custom  and  mine  smelting  works  the  first  requisite  is  a 
sampling  works  of  sufficient  capacity.  In  order  to  accomplish  good 
work  it  is  absolutely  necessary  to  know  not  only  the  value  in 
precious  metals  of  the  ore  which  is  to  be  treated,  but  also  to  have 
a  complete  analysis  of  its  earthy  or  non-valuable  constituents. 
Of  course,  in  a  private  smelting  works  the  only  object  in  running 
the  ore  through  the  sampler  is  to  determine  its  value  and  slag  con- 
stituents. It  is  of  the  utmost  importance  that  accurate  and  full 
details  in  regard  to  the  ore  be  kept  in  books  arranged  for  that  pur- 
pose. In  no  other  way  can  the  metallurgist  check  the  work  that 
he  is  doing  in  his  smelters,  and  in  no  other  way  can  he  so  make 
up  his  ore  mixtures  as  to  obtain  uniform  slags.  The  ordinary  form 
of  book  will  show  the  ounces  of  Silver  and  Gold;  the  percentages 
of  Lead  and  Copper  and,  in  additional  columns,  the  Silica,  Iron, 
Umc,  Magnesia,  Baryta,  Alumina  and  Zinc.  The  works  should 
be  charged  with  a  total  of  the  valuable  constituents,  even  though 
the  quantities  are  so  small  in  some  ores  that  they  are  not  paid  for,  as 
is  the  case  sometimes  with  small  percentages  of  Lead,  Copper,  Silver 
and  Gold-  They  are  also  credited  with  the  amounts  of  valuable 
metals  obtained  and,  at  convenient  times,  a  balance  is  struck  and 
the  percentages  of  values  saved  is  determined,  proper  allowances 
being  made  for  values  in  by-products,  flue  dust  and  in  furnaces. 

Sites  for  smelters  should  be  so  selected  that  there  is  ample  room 
for  the  storing  of  ores  in  bins  and  for  making  up  large  beds 
of  ore  by  distributing  each  lot  in  a  layer  on  the  bed  as  it  comes 
in.  As  the  charges  are  taken  by  shovelling  from  the  face  of  the 
bed,  a  very  fair  mixture  is  obtained  and  the  additional  fluxes  are 
added  at  the  furnace,  together  with  special  kinds  of  ore,  such  as 
galenas  and  rich  silver  ores  which  may  not  be  desirable  to  place 
in  the  beds.  You  will  readily  see  that  the  analysis  book  showing 
the  quantity  of  each  lot  of  ore  which  has  gone  into  the  bed  will 
furnish  all  the  data  necessary  to  calculate  the  total  quantities  of  the 
valuable  metals  and  the  slag  constituents,  and  that  from  these  data 
the  percentages  or  each  per  ton  can  readily  be  calculated.  The 
metallurgist  will  then  calculate  the  necessary  additions  to  make 
whatever  slag  is  desired. 
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There  are  certain  type-slags  which  are  considered  more  desirable 
than  others,  but  the  metallurgist  will  find  in  pracUce  that  he  can 
often  only  approximate  these,  his  constant  effort  being  to  make  a 
good  metallurgical  slag  with  the  least  possible  addition  of  barren 
flux  or  of  non-profitable  ores,  the  latter  being  ores  purchased 
on  a  basis  which  either  gives  no  profit  or  shows  a  certain  amount 
of  loss,  in  order  to  flux  other  ores  on  which  the  smelting  charges 
are  higher  and  from  which  the  profits  must  be  derived  for  both 
classes. 

I  shall  only  call  your  attention  to  a  few  points  in  regard  to 
slags,  as  these  have  already  been  considered  in  your  lectures  and 
are  discussed  at  length  in  your  text-books.  Thebest  slags  techni- 
cally are  not  always  the  best  commercially.  Sometimes  it  costs 
more  to  make  a  good  slag  than  a  relatively  poor  one.  In  cus- 
tom smelting  the  most  refractory  ores  pay  the  highest  chaises 
and  therefore  that  slag  which  will  permit  the  use  of  the  greatest 
amount  of  these  ores  is  the  most  desirable  up  to  the  point  where 
the  losses  in  smelting  balance  the  corresponding  gain  in  smelting 
chaises.  Either  lime,  iron  or  silica  may  be  expensive  to  flux 
under  difTerent  conditions.  Barite  and  zinc  were  formerly  the  bug- 
bears of  smelters,  but  are  now  permitted  to  a  considerable  extent, 
in  fact  cannot  often  be  avoided.  There  is  ample  evidence  to  show 
that  barite  diminishes  the  loss  of  lead  in  the  slag,  though  it  is  diffi- 
cult to  say  just  why  it  does  so. 

Lead  and  silver  smelting  less  than  twenty  years  ago  was 
a  very  simple  process  as  compared  with  the  same  process  at 
the  present  time.  Smelting  was  then  carried  on  chiefly  with  sur- 
face ores  already  oxidized  by  natural  causes  and  containing  no 
deleterous  ingredients.  The  furnaces  were  small,  slags  were  easily 
made,  and  the  smoke  and  dust  was  allowed  to  escape  into  the  air. 
Very  little  matte  was  made  and  large  percentages  of  lead  were  used 
in  the  charge.  At  the  present  time  the  easily  smelted  surface 
deposits  have  been  exhausted  to  a  large  extent;  the  ores  have 
become  complex  and  carry  sulphur;  lead  ores  have  become 
scarce  and  in  great  demand,  and  the  percentage  of  lead  used  to 
collect  the  precious  metals  has  steadily  decreased.  The  presence 
of  sulphide  ores  also  necessitates  roasting  furnaces.  Large  quantities 
of  matte  are  made,  and  the  treatment  of  this  matte  has  itself  be- 
come complex  because  nearly  all  of  the  custom  ores  carty  small 
quantities  of  copper  which  ultimately  finds  its  way  into  the  matte. 
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This  has  brought  about  the  introduction  of  copper-metallui^  into 
lead-silver  plants,  and  there  are  scarcely  any  custom  works  of  this 
character  in  the  West  which  do  not  have  appliances  devoted  to 
the  metallurgy  of  copper.  So  far  as  the  theory  of  smelting  is 
concerned,  to  a  very  large  extent  your  knowledge  of  it  will  depend 
upon  your  thorough  acquaintance  with  the  conditions  under  which 
slags  are  formed  and  the  chemical  reactions  of  sulphur,  oxygen 
and  carbon  with  each  other  and  with  metals  under  metallurgical 
conditions. 

These  reactions  arc  often  obscure  and  complex  and  present  a  wide 
field  for  investigation  and  research.  Mechanical  considerations  at 
the  same  time  introduce  limitations  to  methods  theoretically  pos- 
sible.and  hence  it  is  only  with  an  accurate  knowledge  of  both  theore- 
tical and  physical  conditions  that  failures  and  difficulties  can  be 
reduced  to  a  minimum. 

Many  ores  require  a  preliminary  roastmg,  and  the  method  ot 
doing  this  is  therefore  important  You  are  already  familiar  with 
the  different  types  of  roasters,  so  it  is  not  necessary  to  describe 
theite  individually.  In  general  there  are  the  hand.roasters,  which 
are  long,  straight,  reverberator/  furnaces  with  a  hre-box  at  one 
end  in  which  the  flame  from  the  fire  traverses  the  whole  length 
of  the  furnace.  The  ore  in  these  furnaces  is  fed  at  the  cool  end, 
ordinarily  through  a  hopper  in  the  top  of  the  furnace,  and  is 
stirred  by  hand  rakes,  being  gradually  moved  down  to  the  hot  end 
of  the  furnace,  where  it  is  discharged  either  through  the  bottom 
or  from  a  side  door.  Mechanical  roasters  have  been  very  ex- 
tensively used  in  the  last  few  years,  but  owing  to  the  fact  that  lead 
ores  require  to  be  roasted  as  nearly  sweet  as  possible,  it  has  been 
found  that  their  capacity  is  very  much  smaller  when  used  for  this 
purpose,  and  in  many  of  the  largest  and  most  complete  works 
hand  roasters  are  not  only  now  in  use  but  are  being  constructed 
in  preference  to  mechanical  roasters. 

In  some  works  large  Brijckner  cylinders  with  a  very  slow  rota- 
tion are  used  with  satisfactory  results.  Generally,  however,  lead 
smelters  object  to  mechanical  roasters  on  account  of  the  greater 
construction  cost,  excessive  repairs,  and  comparatively  low  capacity 
when  a  low  percentage  of  sulphur  is  required  in  the  roasted  ore. 
In  copper  smelting  the  conditions  are  different  and  mechanical 
roaster^  are  extensively  used- 

So  fiar  as  Western  practice  is  concerned  the  only  furnace  used  ix 
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ore  smelting  is  the  water  jacket-shaft  furnace.  The  great  impetus 
to  lead-silver  smelting  came  with  the  discovery  of  the  carbonate 
ores  in  Lcadvtlle.  The  first  smelters  used  there  were  small  round 
water-jackets.  With  the  need  for  a  greater  capacity  came  the 
introduction  of  the  rectangular  furnace,  the  width  being  kept 
about  the  same  and  the  greater  capacity  being  obtained  by  in- 
creasing the  length.  Without  carrying  you  through  the  various 
stages  of  development  of  the  water-jacket  furnace,  I  may  say 
that  there  has  been  a  constant  effort  to  get  more  capacity,  and 
that  at  the  present  time  metallurgists  are  still  striving  to  build  fur- 
naces which  will  give  a  greater  capacity  than  those  at  present 
in  use.  It  has  been  found,  however,  that  there  are  limits  to 
the  breadth  of  the  furnace,  which  is  the  distance  between  the 
tuyeres,  and  also  to  the  blast  pressure.  Furnaces  have  been  con- 
structed which  exceed  the  present  types  in  both  of  these  conditions, 
but  the  results  have  been  such  as  to  fix  the  breadth  for  the  present 
at  about  42  inches  and  the  blast  at  32  ounces  maximum.  The  gen- 
eral type  of  furnace  now  constructed  has  an  inside  dimension  at  the 
tuyeres  of  forty-two  by  one  hundred  and  twenty  inches.  Furnaces 
forty-two  by  one  hundred  and  forty  inches  are  running  satisfac- 
torily, and  others  being  constructed  of  the  same  dimensions. 
The  ordinary  practice  is  to  make  the  height  sixteen  to  seventeen 
feet  from  tuyeres  to  top  of  charge.  This  is  an  advance  of  about 
four  feet  over  the  height  of  charge  which  is  still  in  use  at  many  of 
the  works,  and  is  necessitated  by  the  increase  of  blast  pressure 
now  used.  Some  new  furnaces  are  also  being  made  with  a  height 
of  20  feet.  Sixteen  ounces  is  almost  a  minimum  blast  pressure 
ROW,  and  from  twenty-six  to  thirty-two  ounces  is  common. 

Three  types  of  rotary  blowers  are  in  use,  and  these  are  con- 
structed so  that  pressures  eveo  higher  than  32  ounces  can  be  main- 
tained if  desired.     Fan  blowers  are  not  used  by  Western  smelters. 

The  general  construction  of  furnaces  has  changed  but  little  in 
the  past  few  years,  and  from  the  drawings  you  will  see  that  the 
type  is  one  with  which  you  are  already  familiar. 

The  increase  in  dimensions  has,  however,  necessitated  more  mas- 
sive construction,  owing  to  the  larger  amount  of  mat^ial  the  fur- 
nace is  to  contain.  The  foundations  are  of  the  best.  The  wrought, 
iron  plate  which  forms  the  bottom  of  the  iron  enclosure  for  the 
crucible  must  be  absolutely  tight  and  rest  solidly  upon  the  founda- 
tion, preferably  upon  a  layer  of  cement.     Let  me  caution  you  here 
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-against  using  cast-iron  plates  for  the  under  part  of  the  furnace,  as  a 
slight  crack  will  admit  of  the  passage  of  melted  bullion  down  into 
the  foundation.  I  have  known  cases  where  tons  of  bullion  have 
found  their  way  into  the  foundation  of  the  furnace  through  a  hole 
not  larger  than  a  nail  hole, and  when  the  furnace  was  taken  down  it 
necessitated  the  excavation  through  the  foundation  and  down  into 
the  clay  below  for  eight  or  nine  feet  before  the  last  of  the  bullion 
was  recovered.  Crucibles  should  be  made  of  good  fire  brick  welt 
luted  together,  so  as  to  prevent  as  little  absorption  of  bullion  as 
possible.  Generally  the  jackets  rise  to  the  height  of  the  bo^ 
only.  Above  this  the  furnace  is  constructed  of  brick.  Some 
metallurgists  have  advocated  the  construction  of  the  whole  furnace 
of  water  jackets.  The  only  real  advantage  in  this  is  the  fact  that 
zinc  and  other  accretions  forming  on  the  sides  of  the  furnaces  can 
be  much  more  easily  barred  off  from  iron  than  from  brick  walls. 
On  the  other  Iiand  is  the  liability  of  injuring  the  jackets  in  barring 
down,  the  necessity  for  increased  water  supply,  and  the  regulation 
and  care  of  the  additional  jackets. 

The  brick  work  is  supported  as  before  on  I  beams  resting  on 
iron  columns  at  the  corners,  or  by  a  combination  of  I  beams 
with  arched  steel  plates  (Colorado  Iron  Works).  Recent  con- 
structions are  very  much  heavier  and  the  brick  walls  supported 
are  likewise  much  thicker — in  some  cases  34  inches  at  the  bottom 
— the  lining  being  of  fire-brick  with  the  ends  forming  the  interior 
surface  of  the  furnnce.  These  massive  walls  resist  the  action  of 
the  heat  and  are  not  liable  to  distortion. 

Water-jackets  are  used  exclusively  for  the  lower  part  of  the  fur- 
nace. These  are  made  both  of  wrought  iron  and  of  cast  iron, 
Wrought-iron  jackets  are  generally  made  so  that  a  single  jacket 
forms  one  side  of  the  furnace,  while  cast-iron  jackets  are  made  in 
sections.  Both  constructions  have  advantages.  In  case  of  a  leak 
a  single  cast-iron  jacket  can  be  taken  out  and  a  new  one  put  in 
very  quickly  without  blowing  out  the  furnace.  The  disadvan- 
tage of  cast  iron  is  its  liability  to  crack.  This  objection,  however, 
has  been  overcome  to  a  large  extent  by  making  the  castings  very 
carefully,  so  that  the  thickness  of  metal  is  uniform  throughout, and 
changing  the  form  of  lugs  by  which  the  castings  are  bolted  to- 
gether, so  that  strains  will  not  break  these  off;  consequently  the 
use  of  casl-iron  jackets  has  been  increasing  in  the  last  few  years. 
In  some  works  cast-iron  jackets  have  always  been  used  to  the  ex- 
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■elusion  of  wrought  iron.  The  advantages  of  wrought-iron  jackets 
-are  that  there  is  no  possibility  of  cracking  that  the  whole  side 
-Of  the  furnace  can  be  formedof  one  jacket,  and  the  life  of  the  jacket  if 
properly  cared  for  is  much  longer  than  that  of  cast  iron.  If  the 
water  becomes  low  in  the  jacket  and  the  iron  becomes  overheated, 
the  sudden  introduction  of  cold  water  will  not  cause  a  crack,  and 
•damages  to  the  jacket  can  be  repaired  to  a  very  considerable  ex- 
tent by  patching  on  the  inside.  Very  long  jackets,  however,  be- 
come very  much  warped  through  the  difference  in  expan- 
sion of  the  inside  sheet  and  the  outside  sheet,  and  a  very  decided 
>bow  in  the  center  is  established,  thus  disarranging  the  interior 
shape  of  the  lower  part  of  the  furnace.  Of  course,  if  the  furnaces 
are  built  in  inaccessible  places  where  it  is  difficult  to  replace  jack- 
ets, one  would  naturally  choose  wrought  iron  in  place  of  cast  iron  ; 
but  where  foundries  are  available  cast  iron  is  generally  preferable, 
as  a  few  extra  jackets  on  hand  will  obviate  the  trouble  which  might 
come  from  a  single  jacket  breaking  down.  The  old  style  of  jacket, 
and  one  which  is  still  in  use  to  a  large  extent,  has  for  the  admis- 
sion of  air  a  hole  cast  in  the  side  of  the  jacket  in  which  is 
inserted  a  galvanized  iron  tuyere  pipe.  At  best  the  nozzles  do 
not  make  a  very  close  fit,  and  when  they  have  been  knocked 
■around  by  the  furnace  men  a  few  times  it  is  impossible  to  make 
■  them  air-tight.  Melted  slag  also  damages  them  to  a  greater  or 
less  extent.  When  it  is  desirable  to  lessen  the  pressure  of  blast 
or  cut  it  off  altogether  on  a  particular  tuyere  in  order  to  allow  the 
other  tuyeres  to  melt  away  slag  obstructions,  it  can  only  be  done 
by  tying  the  sack  so  as  to  close  it  partly,  or  by  taking  out  the 
pipe  and  blocking  the  tuyere  opening.  Of  course  in  well  regu- 
lated furnaces  running  under  proper  conditions  these  things  are 
Very  seldom  required,  but,  at  the  same  time,  it  adds  very  much  to 
■the  convenience  of  the  furnace  to  be  able  to  do  them  without  trouble 
when  they  are  necessary.  If  it  is  easy  for  a  workman  to  make  any 
such  temporary  changes  he  will  be  much  more  apt  to  do  them 
promptly.  This  has  led  to  the  introduction  of  a  number  of  tuyere 
connections  which  supply  such  conditions  to  a  greater  or  less  de- 
gree. The  general  form  of  these  is  a  cast-iron  box  or  pipe  which 
is  flanged  and  bolted  by  lug  bolts  to  the  side  of  the  furnace  so  that 
'by  loosening  two  bolts  it  can  be  lifted  off. 

This  tuyere  box  is  attached  to  the  main  air  pipe  by  a  canvas  pipe 
■or  by  a  rigid  iron  connection.     Personally  I  prefer  the  latter.     The 
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tuyere  box  is  also  provided  with  a  valve  either  tn  front  of  the  tuy- 
ere opening  or  in  the  upperpart.  Some  forms  have  valves  similar 
to  a  clack  valve  with  two  openings,  one  of  which  opens  into  the 
outer  atmosphere  and  is  closed  by  the  pressure  of  the  air  holding 
the  valve  up  against  the  opening.  In  case  the  pressure  is  stopped 
suddenly  the  valve  drops  and  closes  the  opening  into  the  air  pipe 
and  falls  away  from  the  opening  into  th?  air.  This  is  for  the 
purpose  of  allowing  the  gas  which  always  comes  back  into  the  air 
pipes  when  the  blast  is  stopped  to  pass  into  the  outer  air,  and 
thus  prevent  the  possibility  of  explosions,  which  are  sometimes 
very  serious  unless  proper  precautions  are  taken.  Another  form 
of  tuyere  consists  of  one  box  carried  around  the  furnace  either 
in  front  of  the  tuyeres  or  above  them  and  connected  to  the  tuyere 
openings  by  close-fitting  connections.  In  many  works  to-day  the 
whistle  of  escaping  air  can  be  heard  in  many  places,  and  I  have  no 
doubt  that  the  leakage  from  these  sources,  if  measured,  would  as- 
tonish many  metallurgists  who  consider  their  works  are  running 
very  satisfactorily.  It  certainly  needs  but  little  argument  to  show 
that  constant  leaks  through  which  air  is  blowing  at  abouttwo  pounds 
pressure  must  use  up  in  the  aggregate  a  very  considerable  amount 
of  power.  Power  costs  mone)',  and  its  loss  through  mechanical  de- 
fects in  construction  is  inexcusable. 

Furnaces  of  the  type  I  have  described  will  smelt  from  sixty  to 
one  hundred  tons  a  day  according  to  the  character  of  the  charge 
together  with  the  addition  of  a  certain  quantity  of  rich  slags. 
These  are  added  to  recover  their  valuable  contents,  and  also  to 
make  coarse  material  in  the  furnace,  which  helps  to  keep  the  fine 
ore  from  packing  and  scaffolding,  and  forms  interstices  for  the  pas- 
sage of  the  blast.  It  also  performs  another  function  which  is  not  so 
well  understood.  By  this  I  mean  that  although  slag  cannot  be 
melted  without  a  considerable  amount  of  fuel  by  itself,  yet  it  is 
universally  found  that,  given  a  charge  of  ore  running  with  the  least 
possible  fuel,  a  very  considerable  amount  of  slag  can  be  added  to 
the  charge  without  necessitating  any  increase  of  fuel.  The  prob- 
ability is  that  the  slag,  being  already  properly  proportioned  and 
having  been  liquid,  melts  first  and  acts  as  a  carrier  for  the  unfused 
slag  forming  material  in  the  charge.  In  other  words  it  becomes 
first,  let  us  say,  more  siliceous,  in  which  form  it  is  very  cor- 
rosive as  regards  the  bases  in  the  ore  and  combines  with  them, 
when  it  again  has  a  great  attraction  for  silica.     With  a  furnace  of 
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this  class  running  under  ordinary  conditions,  a  number  of  pro- 
ducts will  be  obtained  the  disposal  of  which  is  a  matter  for  careful 
consideration.  By  far  the  largest  product  is  of  course  the  slag. 
In  the  earlier  smelting  practice  in  this  country  the  slag  was  tapped 
directly  from  the  furnace  into  iron  slag  pots  which  were  wheeled 
to  the  edge  of  the  dump  and  the  slag  immediately  emptied  out. 
It  was  found,  however,  that  in  tapping  directly  from  the  furnace  a 
certain  amount  of  metalwas  carried  out  in  the  current  of  slag,  and 
in  addition,  when  ores  were  smelted  which  contained  sulphides,  a 
certain  amount  of  matte  was  formed  which  was  also  tapped  out  with 
the  slag.  When  no  matte  was  present  the  metal  tapped  out  with  the 
slag  could  generally  be  saved  to  a  large  extent  by  pouring  out  the 
liquid  slag  and  saving  the  partially  cooled  shell  adhering  to  the  sides 
of  the  pot.  As  soon  as  the  matte  became  a  factor  in  smelting  it 
was  necessary  to  allow  the  slag  to  cool  in  the  pots  and  afterward 
the  button  of  matte  found  at  the  bottom  of  the  cone  of  slag  was 
broken  ofT  and  saved  for  subsequent  treatment.  This,  however, 
rendered  it  impossible  to  save  the  shells,  which  were  found  to  be 
of  considerable  richness,  as  the  partially  cooled  slag  on  the  sides 
of  the  pot  prevented  the  small  globules  of  matte  and  metal  from 
settling.  The  next  step  consisted  of  having  pots  with  a  hole  bored 
in  the  side  above  the  height  to  which  the  matte  ordinarily  ex- 
tended, and  alter  the  slag  had  sufficiently  settled  it  was  tapped  out 
through  this  hole,  leaving  the  rich  shell  on  the  sides  of  the  pot  and 
the  matte  in  the  bottom.  This  process  is  used  in  many  works  to- 
day, but  it  has  the  disadvantage  of  making  more  shells  ordinarily 
than  are  required  as  a  flux  for  the  ore  charge.  Besides,  it  entails 
considerable  labor  in  separating  the  matte  which  is  more  or  less 
mixed  with  slag  and  not  in  as  good  condition  for  retreatment. 
The  most  feasible  way  to  separate  the  matte  and  make  clean  slags 
is,  by  using  a  forehearth,  and  this  device  is  now  coming  into  ex- 
tensive use  in  lead  smelting.  With  the  small  furnaces  formerly  in 
use  the  forehearth  was  hard  to  manage,  as  it  gradually  crusted  up, 
owing  to  the  lack  of  sufficient  hot  slag  to  keep  it  heated  up  to  the 
melting  point.  With  the  introduction  ol  larger  furnaces,  especially 
those  of  80  to  100  tons  capacity,  it  has  been  found  practicable  to 
use  forehearths  which  collect  the  matte,  and  from  which  the  settled 
slag  overflows  into  pots. 

With  coppery  ores  I  have  used  a  forehearth  to  collect  both  the 
matte,  slag,  and  lead,  and  found  it  to  work  very  satisfactorily,  except 
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for  th«  disadvantagic  of  cooling  too  rapidly,  to  which  I  have;  called 
your  attention,  and  even  then  it  worked  more  satisfactorily  tliair 
the  old  method  of  separating  the  lead  inside  of  the  furnaces.  If 
lead  furnaces  could  be  constructed  to  run  satisfactorily  with  a 
capacity  of  200  tons  a  day,  I  have  no  doubt  that  the  foreheartb 
could  make  a  very  complete  separation  of  clean  matte  and 
clean  slags,  and  at  the  same  time  nnake  long  campaigns.  I  have 
recently  seen  in  a  lead  furnace  a  forehearth  after  the  Orford  plaja 
being  used,  which,  as  you  know,  is  a  rectangular  boxdtvided  by  a 
brick  partition  with  an  opening'betHeen  the  two  cMUpartntents  at 
the  bottom  of  the  partition.  The  matte  and  slag  flow  into  one 
compartment  and  separate  by  gravity  and  the  matte  rises  in  the 
other  compartment  and  overflows  from  a  spout  about  two  inches 
lower  than  the  slag  spout,  the  slag  flowing  out  from  the  spout  in 
the  first  compartment.  This  was,  however,  supplemented  by  the 
addition  of  another  pot  to  catch  any  small  grains  of  matte  carried 
over  in  the  current  of  flowing.  The  beat  method  of  disposing  of 
slag  is  by  granulation  in  a  current  of  water  which  carries  ofT  the 
slag  and  deposits  it  at  some  point  below  the  smelter.  Where  water 
is  available  this  is  very  much  the  best  method  in  use,  and  bringS' 
about  a  great  saving  in  labor  and  cost.  The  slag  is  simply  al- 
lowed to  overflow  from  the  forehearth  into  a  trough  with  a  rapid 
flowing  stream  of  water  and  is  immediately  granulated  and  carried 
away  to  any  convenient  point.  Where  water  is  not  available  the 
present  practice  in  large  works  is  to  use  the  Nesmith  slag  trucks. 
As  you  know,  they  consist  of  two  large  pots  on  a  truck,  so  ar- 
ranged that  they  can  be  swung  out  to  the  side  and  dumped  on  the 
outside  of  the  track.  The  track  for  this  is  placed  along  the  edge 
of  the  slag  dump,  and  is  moved  out  as  the  dump  extends.  lo  some 
works  the  slag  is  tapped  or  poured  from  the  pots  into  these  slag 
trucks.  In  others  it  is  poured  into  very  large  pots,  from  which 
the  slag  is  tapped  from  the  side,  and  the  matte  tapped  subsequently 
from  the  bottom.  In  others  the  slag  empties  directly  from  the 
forehearth  into  the  bowl  of  the  truck.  The  ideal  method  for  separa- 
tion would  be  to  have  the  slag  flow  from  the  forehearth  into  water, 
or  directly  into  large  trucks,  the  matte  being  either  tapped  from 
the  forehearth  or  allowed  to  overflow.  In  Rhodes'  method  the 
slag  and  matte  from  several  furnaces  are  poured  Into  a  reverbe- 
ratory  furnace  which  is  in  effect  a  heated  forehearth. 

It  is  found  that  even  with  the  siphon  tap  for  lead  a  certain 
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amount  of  lead  often  finds  its  way  out  from  the  slag  tap  into  the 
forehearth  and  this  is  obtained  either  with  the  matte  or  by  tapping 
the  forehearth  at  its  lowest  point.  Of  course  the  most  valuable 
product  of  the  furnace  is  the  bullion,  so-called,  consisting  of  lead, 
varying  amounts  of  silver,  gold,  and  some  copper,  if  copper  is 
present  in  the  ore.  It  is  obtained  by  means  of  the  well-known  siphon 
tap,  generally  by  dipping  from  the  bowl,  but  in  some  works  by 
means  of  a  trough  which  swings  over  molds  arranged  on  the  cir- 
cumference of  a  circle  of  which  the  trough  is  the  radius.  With 
this  arrangement  a  number  of  moulds  are  filled  at  a  time.  Copper 
in  lead  ores  in  any  considerable  quantity  often  causes  a  great  deal 
of  trouble  with  the  lead  in  the  crucible,  as  it  has  a  tendency  to 
separate  out  in  the  form  of  a  copper-lead  alloy,  which  gradually 
cools  and  filU  up  the  crucible,  making  it  necessary  to  blow  out  the 
furnace  and  chisel  out  the  crucible.  ,  As  this  alloy  is  very  tough  it 
makes  the  process  very  expensive.  For  this  reason  smelters  do 
not  like  to  have  their  lead  mattes  run  over  10  per  cent,  copper. 

The  principal  part  of  the  copper  should  go  into  the  matte  which 
is  a  mixture  chietly  of  sulphides  of  lead,  copper  and  iron.  If  this 
carries  little  copper  it  is  simply  crushed,  roasted  and  put  back  into 
the  furnace,  furnishing  iron  for  flux  and  giving  up  its  valuable 
metals  to  the  bullion. 

In  lead  bullion  carrying  copper  the  copper  is  only  paid  for  at 
the  price  of  lead  and,  as  it  is  worth  three  or  four  times  as  much,  it  is 
desirable  to  save  it  by  itself.  The  present  practice  is  to  save  the 
lead  copper  mattes,  until  a  sufficient  quantity  has  accumulated; 
roaist  them  with  sufficient  heat  near  the  discharging  door  of  the 
furnace  to  make  them  slightly  sticky,  in  which  condition  they  are 
turned  out  of  the  furnace  and  allowed  to  cool.  This  agglomeration 
is  simply  to  prevent  them  from  being  blown  out  of  the  furnace  as 
dust.  The  roasted  matte  is  smelted  in  furnace  with  a  shallow 
crucible^.^ad  with  sufficient  quartzose  ores  to  flux  the  iron.  If 
the  proper  mixture  is  made  the  lead  will  separate  as  bullion ;  the 
copper  will  combine  with  the  sulphur  left  in  the  roasted  matte, 
making  a  matte  of  from  45  to  70  per  cent,  copper,  the  iron  com- 
bining with  the  silica  and  making  a  fusible  slag.  Twelve  years 
ago  I  had  to  face  the  problem  of  the  disposal  of  a  very  consider- 
able quantity  of  these  mattes  carrying  a  lai^e  amount  of  silver 
where  shipment  was  impossible.  I  was  able,  by  running  a  basic 
iron  slag,  to  make  a  very  rich  copper  matte  and  to  obtain  a  lead 
bullion  carrying  not  over  5  per  cent,  of  copper. 
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The  last  product  of  the  furnace  and  one  which  is  very  annoy- 
ing is  the  smoke  and  dust  which  pass  out  with  the  products 
of  combustion.  In  custom  smelting  works  the  ore  is  almost  all 
crushed  to  a  very  fine  state  for  accurate  sampling  and  for  roasting, 
and  the  amount  of  flue-dust  becomes  a  very  considerable  item 
and  one  that  cannot  possibly  be  disregarded.  All  well  equipped 
furnaces,  therefore,  are  provided  with  dust  chambers,  more  or  less 
extensive.  These  are  of  many  and  various  types.  Some  are  con- 
structed of  brick  with  hollow  walls  for  cooling  with  a  total  length 
of  passages  as  much  as  a  mile.  Others  are  constructed  of  sheet 
iron  with  a  V-shaped  bottom,  the  whole  structure  being  en- 
closed to  prevent  condensation  of  acid  fumes  by  cooling.  The 
bottom  of  the  dust  chambers  is  provided  with  openings  so  that 
the  dust  can  be  drawn  off  at  intervals  into  a  car  which  runs  oa 
a  track  under  the  chamber.  Another  class  which  is  used  with 
very  satisfactory  results  makes  the  final  separation  of  the  fume  by 
filtering  through  cloth.  One  type  of  apparatus  for  this  purpose  is 
a  house  filled  with  long  bags  through  which  smoke  is  forced  by  a 
ventilating  fan.  These  bags  are  shaken  from  time  to  time  in  order 
to  keep  the  pores  from  becoming  stopped  with  the  dust,  and  the  dust 
is  taken  out  at  intervals  from  the  bottom  of  the  sacks.  A  later  in- 
vention than  this  consists  of  houses  in  which  are  sheets  of  cotton 
cloth  stretched  in  tent-shape  from  the  top.  The  smoke  is  forced 
through  these  and  the  tents  are  beaten  at  intervals  with  rods 
moved  by  a  lever  from  the  outside  of  the  building,  the  dust  failing 
to  the  floor.  The  disposal  of  the  dust  has  been  a  very  annoying 
problem.  In  some  places  it  has  been  made  into  bricks  with  day 
or  with  milk  of  lime  either  by  hand  or  by  machine.  In  other 
places  it  is  immediately  put  into  the  revcrberatory  fufnaces  and 
heated  until  it  slags  together.  The  fume  from  the  bag  houses, 
however,  is  combustible  and  after  a  sufficient  amount  has  accumu- 
lated on  the  floor  of  the  house  it  is  set  on  fire  by  throwing  live 
coals  on  the  surface  at  intervals,  Apertures  arc  opened  to  admit 
air  and  a  gradual  combustion  takes  place,  sintering  the  mass 
together  and  forming  a  product  something  like  coke,  which  is  in 
the  very  best  possible  condition  for  treatment  in  the  furnace.  It 
has  also  been  found  that  dust  collected  in  the  chambers  before  the 
smoke  reaches  the  bag  house  is  combustible  and  in  some 
works  this  dust  is  simply  piled  in  small  houses  with  brick  walls 
and  set  on  fire.     Air  is  admitted  and  combustion  goes  on  until  the 
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whole  mass  is  sintered  together.  Smelting  has  now  become  sub- 
ject to  so  much  competition  that  there  is  an  absolute  necessity  for 
saving  all  the  values  possible  in  the  ore.  Metallurgists  who  are 
working  on  ores  from  their  own  mines  are  often  too  careless  about 
their  losses,  but  it  is  just  as  reprehensible  to  lose  values  when  you 
are  working  on  your  own  ores,  and  with  much  larger  margins  for 
loss,  as  it  is  when  you  are  working  on  custom  ores  where  you  are 
in  competition  with  other  skillful  metallurgists. 

I  have  used  a  method  of  blowing  in  lead  furnaces  which  I  think 
has  sufficient  novelty  to  merit  a  description.  It  starts  the  furnace 
off  in  good  condition,  and  with  ordinary  care  gives  very  little 
trouble. 

The  crucible  is  heated  with  cord  wood  and  as  soon  as  the  walls 
are  fairly  hot  a  2-inch  pipe  bent  at  an  angle  is  inserted  through  ' 
the  breast  to  the  bottom  of  the  wood  fire  and  air  is  blown  in. 
The  crucible  is  filled  with  cord  wood  and,  as  soon  as  it  is  blazing 
well,  several  bars  of  bullion  are  shoved  in  on  a  plank  and  tipped 
off  on  the  wood.  This  bullion  melts  and  runs  down  through  the 
hot  lire  to  the  bottom,  becoming-  red'hot.  This  process  is  con- 
tinued until  the  crucible  is  full  of  lead,  when  the  fire  is  raked^ut 
and  the  lead  thoroughly  stirred  up  from  the  bottom  and  skimmed. 
The  crucible  and  siphon  are  then  full  of  red-hot  lead  perfectly 
clean.  Brands  and  wood  are  then  put  back  on  the  lead  to  form  a 
support  for  the  coke  and  to  kindle  it;  the  breast  is  put  in  and  the  fur- 
nace filled  with  coke  to  about  18  inches  above  the  tuyeres;  then  light 
slag  charges  and  coke  to  the  top  of  the  jackets;  then  chaises 
part  ore  and  slag  and  finally  normal  ore  charges  to  the  top. 

A  hght  blast  is  turned  on  until  the  slag  begins  to  show  at  the 
slag  taps  and  it  can  then  be  raised  gradually  to  normal  pressure. 
In  this  way  the  fusion  zone  is  kept  from  rising  and  the  furnace 
starts  off  with  cool  walls  and  a  cool  top.  If  lead  makes  too 
slowly  and  shows  a  tendency  to  cool  in  the  well,  a  few  bars  can  be 
dipped  out  and  charged  into  the  furnace  again. 

With  this  hasty  survey  we  must  leave  the  subject  of  lead-silver 
ore  smelting.  You  cannot  fail  to  realize  that  neither  metliods 
or  their  limits  arc  yet  well  defined. 

The  aim  of  the  best  metallurgists  may  be  summed  up  in  a  few 
words  : 

1.  The  largest  furnaces  compatible  with  good  work. 

2.  Slags  which  will  permit  the  largest  amount  of  refractory  and 
hence  profitable  ingredients. 
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3.  A  perfect  initial  separation  of  slag,  matte  and  bullion  by  au- 
tomatic appliances,  with  mechaaical  handling  of  the  slag. 

4.  Economical  treatment  of  lead  copper  mattes. 


PRINCIPLES  OF  ELECTRICAL  DISTRIBUTION.— III. 

Bv  FRANCIS  B.  CROCKER. 

Modifications  of  the  THREB:WiRE  System. 

Various  forms  of  the  three-wire  system  have  been  used  or 
suggested  as  substitutes  for  the  ordinary  arrangement  with  two 
dynamos.  One  of  these  modifications,  illustrated  in  Fig.  25,  re- 
quires only  a  single  dynamo  D  generating  the  total  pressure  for 
both  sides  of  the  system,  which  is  usually  about  230  volts.  A 
storage  battery  A  B  x^  connected  between  the  two  outside  wires 
-(-  and  — ,  the  neutral  wire  o  beinjr  led  to  the  middle  point  of  the 
battery.  In  cases  where  it  is  advantageous  to  employ  a  battery  to 
equalize  the  load  on  the  engines,  or  for  other  reasons,  this  plan  is 
a  convenient  one,  since  it  only  necessitates  the  running  of  one 
dynamo.  The  potential  of  the  neutral  wire  o  may  be  varied  to 
make  up  for  differences  in  load  on  the  two  sides  of  the  system  by 
shifting  the  point  at  which  it  is  connected  to  the  battery.     If  the 
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difference  of  potential  between  the  two  outside  conductors  is 
greater  than  the  E.  M.  F.  of  the  battery,  the  latter  will  be  charged, 
and  vice  versa,  the  same  as  in  a  two.wire  system.  With  a  three- 
wire  circuit  it  is  also  possible  for  one  part,  A,  of  the  battery  to  be 
discharging  while  the  other  part,  B,  is  charging.  This  may  occur 
if  there  are  a  great  many  lamps  on  the  +  side,  and  very  few  lamps 
on  the  —  side.  The  function  of  the  battery  is  to  act  as  an  equal- 
izer, taking  or  giving  current,  as  required,  and  keeping  the  neutral 
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wire  approximately  midway  in  potential  with  respect  to  the  two 
outer  conductors. 

Fig.  26  indicates  anotlier  three-wire  arrangement  that  can  be 
operated  with  only  one  generator  D,  the  neutral  wire  being  con- 
nected to  a  third  brush  F  placed  half  way  between  the  main  brushes 
E  and  G,  to  which  the  outside  wires  +  and  —  are  respectively  at- 
tached. With  most  types  of  dynamo  the  brush  F  would  spark 
excessively  because  it  short  circuits  the  armature  coils  when  they 
are  generating  the  maximum  E.  M.  F.  There  are  several  ways  tp 
avoid  this  difficulty,  one  of  which  consists  in  employing  a  fojr- 
pole  dynamo,  Fig.  27,  having  two  adjacent  north  poles  N  and  N, 
the  other  two  being  south  poles,  S  and  5,  The  machine  thus  be- 
comes in  effect  a  bipolar  dynamo  with  each  pole  ^divided,  the 
armature  coils  short-circuited  by  the  brush  F  being  in  the  space 
between  the  two  halves  5  and  S  of  the  south  pole,  where  they 
generate  little  or  no  E.  M.  F.  A  dynamo  to  be  used  in  this  way 
requires  a  field  magnet  ring  of  sufficient  cross-section  between  the 
^ and  .S  poles  (il  ^.,  at  the  top  and  bottom  in  Fig.  27)  to  carry 
the  total  magnetic  flux  of  one  field  core.  In  an  ordinary  multi- 
polar machine  with  alternate  N  and  S  poles  this  ring  need  only 
have  one  half  the  sectional  area.  Since  practically  no  flux  passes 
through  the  two  sides  of  the  ring  they  might  be  greatly  reduced 
in  size,  but  this  is  limited  by  considerations  of  strength  and  ap- 
pearance. The  radial  depth  of  the  armature  core  must  also  be 
sufficient  for  the  total  flux  of  one  field  core.  The  extra  quantity 
and  less  favorable  disposition  of  material  in  the  generator  is  not  a 
very  serious  matter  however,  and  this  plan  of  operating  a  three- 
wire  system  would  often  be  a  very  practical  and  convenient  one 
for  small  plants. 

There  is,  however,  with  this  arrangement  the  difficulty  that  ar- 
mature reaction  tends  to  increase  the  Rux  in  the  lower  6'  pole  and 
reduce  it  in  the  other,  hence  the  voltage  on  the  +  side  of  the  sys- 
tem would  be  less  that  on  —  side  with  heavy  loads.  This  can  be 
counteracted  by  compound  winding  on  the  upper  S  pole  and  dif- 
ferential winding  on  the  lower  S  pole.  Another  way  to  supply  a 
three-wire  system  with  a  single  dynamo  was  devised  by  Dobrow- 
olsky.  It  consists  in  connecting  two  opposite  points  of  a  gramme 
ring  armature  together  through  a  self-induction  coil,  to  the  middle 
point  of  which  coil  the  neutral  wire  of  the  system  is  attached. 
The  self-induction  of  this  coil  prevents  it  from  acting  as  a  short 
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circuit,  but  causes  the  neutral  wire  to  maintain  a  potential  approx- 
imately  midway  between  the  +  and  —  wires.  * 

In  the  three-wire  system  represented  in  Fig.  2S  the  neutral  wire 
o  is  connected  to  an  auxiliary  machine  H  which  supplies  a  potea- 
tial  one  half  as  great  as  that  of  the  main  dynamo  D.  The  machine 
H  &cXs  as  a  generator  when  the  —  side  requires  more  current  than 
the  +  side,  but  it  runs  as  a  motor  when  the  current  on  the  +  side 
is  greater.  Hence  it  should  be  belted  to  or  directly  coupled  with 
the  dynamo  D  in  order  to  save  its  power  when  acting  as  a  motor. 


Fig.  17. — Thkbb-Wirb  Svsteh 


The  machine  H,  being  intended  to  carry  only  the  difference  be- 
tween the  currents  on  the  two  sides  of  the  system,  may  have  only 
S  or  10  per  cent,  of  the  cajJacity  of  the  dynamo  D.  This  is  suf- 
ficient as  long  as  the  sides  are  fairly  well  balanced,  but  is  entirely 
inadequate  if  the  ditTerence  becomes  great,  which  may  easily  occur 
by  accident.  The  ordinary  three-wire  arrangement,  or  that^o\vn 
in  Fig.  26,  has  the  advantage  of  being  able  to  operate,  if  oeces- 
sary,  with  a.  full  load  on  one  side  and  none  on  the  other,  which 
might  occur  if  there  was  an  open  circuit  on  one  of  the  outside 
wires,  due  to  the  blowing  of  a  fuse  or  to  some  other  cause. 

The  same  reasoning  applies  to  the  storage  battery  in  Fig.  25, 
which  may  be  designed  to  have  a  capacity  equal  to  the  full  load 
or  only  a  fraction  of  it. 

In  Fig.  29  the  two  auxiliary  machines  J/ and  N  are  mechanic- 
ally coupled  together  and  each  generates  one  half  as  much  pres- 
sure as  the  main  dynamo  D.  These  machines  serve  to  equalize 
the  pressure  and  load,  the  one  on  the  more  lightly  loaded  side 
running  as  a  motor  and  driving  the  other  as  dynamo.     Hence 
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they  are  capable  of  operating  with  a  difference  in  energy  on  the 
two  sides  of  the  circuit,  equal  to  their  combined  capacity. 

This  combination  involves  three  machines  in  place  of  the  two 
dynamos  required  in  the  ordinary  three-wire  system,  neverthdess, 
it  is  very  commonly  and  successfully  used,  being  in  many  cases  de- 
cidedly preferable  to  the  latter.  The  two  machines  Jl/and  N  are 
entirely  self-acting,  driving  each  other  mechanically  and  maintain- 
ing equal  voltages,  with  very  little  attention  or  likelihood  of 
trouble.  They  are  much  more  easily  operated  than  a  second 
dynamo,  and  the  friction  and  other  losses  involved  are  also  con- 
siderably less.  If  both  armature  windings  are  upon  the  same  core, 
armature  reaction  is  neutralized  and  the  tendency  to  sparkling 
greatly  reduced.  A  still  more  important  advantage  is  the  fact  that 
the  double  machine  M  N  can  be  placed  at  any  desired  distance 
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from  the  generating  plant  and  connected  to  it  by  two  feeders,  three 
wires  being  required  only  for  the  local  distribution.  It  is  also 
possible  to  run  a  "booster"  or  small  auxiliary  series-dynamo  by 
means  of  the  equalizing  machines  Jf  and  N,  in  order  to  raise  the 
pressure  of  the  circuit  and  make  up  for  drop  on  the  conductors. 
This  and  several  other  applications  of  equalizing  machines  are  de- 
scribed in  Vie  Electrical  World,  May  23,  1896,  p.  596. 

The  storage  battery  represented  in  Fig.  25  can  also  be  placed  at 
a  distance  from  the  generator  in  order  to  secure  a  similar  saving 
in  the  number  of  conductors.  It  possesses  the  additional  advan- 
tage over  the  equalizing  machines  that  it  enables  the  current  on 
the  feeders  to  be  made  more  uniform,  the  battery  being  charged 
during  periods  of  light  load  and  discharged  when  the  demands  for 
current  are  great.  This  permits  feeders  of  smaller  size  to  be  used, 
and  also  reduces  the  variations  in  load  on  the  generating  plant,  so 
that  the  latter  operates  more  efficiently  and  can  be  designed  for 
less  capacity  than  the  maximum  load. 

Conversion  from  Three  to  Two-  Wire  Syslem.  A  three-wire  sys- 
tem of  conductors  can  readily  be  connected  so  that  It  may  be  used 
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as  an  ordinay  two-wire  circuit.  For  this  purpose  the  two  outside 
wires  are  connected  to  one  terminal  and  the  middle  wire  to  the 
■other  terminal  of  the  generator,  as  represented  in  Fig.  30.  The 
lamps  are  fed  between  the  middle  conductor  and  either  of  the 
others,  but  the  direction  of  current  is  reversed  in  all  of  those  that 
are  on  one  side  of  the  system.  This  makes  no  diflfcrence  in  the 
operation  of  incandescent  lamps,  but  would  require  the  connec- 
tions of  arc  lamps  to  be  reversed,  the  same  being  true  of  storage 
batteries,  electroplating  cells  or  other  electrochemical  apparatus 
that  may  be  on  that  side  of  the  system.  Motors  operated  on  one 
side  of  the  circuit  would  not  be  affected  since  the  direction  of  ro- 
tation is  not  changed  by  reversing  the  current  in  both  armature 
and  field  coils.     But  a  motor  or  other  device  connected  across  the 

FiQ.  30.— Com  VERSION  FROM  Three- Wire  to  Two- Wire  Svsteh. 

outside  wires,  which  is  the  usual  arrangement  for  the  former, 
would  receive  no  current  because  these  wires  are  of  practically  the 
same  potential  when  used  as  a  two-wire  circuit. 

The  drop  on  the  conductors  is  greatly  increased  by  conversion 
to  tlie  two-wire  arrangement.  In  a  perfectly  balanced  three-wire 
system  there  is  practically  no  current  or  drop  on  the  middle  wire, 
but  when  used  as  a  two-wire  circuit  the  current  and  drop  on  this 
conductor  is  twice  that  in  either  of  the  others,  consequently  the 
total  drop  is  three  times  as  great  as  before.  There  is  also  danger 
of  blowing  the  fuses  on  the  middle  wire,  or  overheating  it,  unless 
it  is  specially  designed  to  be  used  in  this  way. 

There  are  two  cases  in  which  the  conversion  from  the  three 
to  the  two-wire  system  is  commonly  practiced.  First,  a  central 
station  or  isolated  plant,  which  is  operated  on  the  three-wire  plan, 
when  heavily  loaded,  and  on  the  two-wire  plan  for  light  loads,  one 
dynamo  being  sufficient  in  the  latter  case,  and  the  drop  on  the 
conductor  being  quite  small.  Second,  an  isolated  plant,  which  is 
supplied  by  Its  own  generator  most  of  the  time,  but  is  connected 
to  the  three-wire  "  street  circuit"  ((.  e.,  central  station  conductors) 
during  certain  portions  of  the  day  or  night,  or  in  case  ks  nachin- 
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«ry  is  disabled.  On  account  of  the  latter  contingency  the  name 
"  breakdown  switch  "  is  applied  to  the  device,  which  connects  the 
inside  wiring  to  the  outside  conductors.  This  switch  is  so  made 
that  it  simultaneously  opens  the  connections  with  the  local  gener- 
ator. 

Laying  and  Operating  Three-wire  Systems, 
The  general  arrangement  of  three-wire  feeders  and  mains  may 
be  made  substantially  the  same  as  already  described  for  the  two- 
wire  system,  the  same  methods  and  care  being  used  in  regulating 
the  voltage.  The  feeders  may  consist  of  three  conductors  of  the 
same  size,  but  usually  the  neutral  feeder  is  made  one-half  as  large 
as  either  of  the  others,  and  if  storage  batteries  or  equalizing  ma- 
chines are  placed  at  the  outer  ends  of  the  feeders,  the  neutral  con- 
ductor may  be  omitted,  as  previously  explained  on  page  369.  For 
the  mains  and  leads  the  three  wires  are  generally  made  the  same 
in  size.  The  important  point  in  connection  with  the  three^wire 
system  is  the  necessity  for  carefully  balancing  it ;  that  is,  keeping 
the  currents  on  the  two  sides  approximately  equal.  To  accom* 
plish  this,  the  lamps  and  other  devices  requiring  current  are  divided 
between  the  two  sides  of  the  system  so  that  the  loads  shall  be  as 
nearly  as  possible  the  same  for  full  capacity  or  any  fraction  of  it. 
For  this  reason  all  three  wires  should  be  carried  to  any  point 
where  energy  is  required  unless  the  amount  is  extremely  small. 
This  applies  to  every  building  even  though  it  contains  only  a  few 
lamps,  and  in  fact,  to  almost  every  room  that  is  to  be  supplied 
with  current  In  this  way  the  chance  of  having  any  considerable 
difference  in  load  is  reduced  to  a  minimum. 
.  Nevertheless,  it  is  possible  that  a  great  many  lamps  might 
happen  to  be  lighted  on  one  side  of  the  system  and  very  few  on 
the  other  side,  in  which  case  the  drop  in  voltage  would  have  about 
twice  its  normal  value  for  the  latter  number  of  lamps,  while  the 
pressure  might  be  raised  for  the  smaller  number,  as  already  ex- 
plained (Fig.  22).  The  likelihood  of  this  happening  is  small,  how~ 
ever,  particularly  ia  lai^e  systems,  provided  the  lamps  are  care- 
fully divided  in  wiring  them.  In  case  many  lamps  are  to  be 
lighted  at  the  same  time,  they  should  be  controlled  by  the  three- 
pole  switches,  which  connect  them  to  the  two  sides  equally,  or 
they  should  be  divided  into  groups  which  are  thrown  on  the  sides 
alternately.. 
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Grounding  ilu  Neutral  Conductor.  A  question  that  has  aroused 
much  discussion  is  the  advisability  of  purposely  grounding  the 
neutral   conductor   of  a  three-wire   system.     The   two  principal 


arguments  in  favor  of  this  plan  are :  First,  it  practically  limits  the 
potential  between  any  point  on  the  system  and  the  earth  to  about 
I  lo  volts.  Second,  it  greatly  reduces  the  drop  on  the  neutral  con- 
ductor, since  the  current  can  also  flow  through  the  earth.  In  re- 
gard to  the  first  of  these  reasons,  it  is  a  fact  that  the  potential  of 
the  positive  wire  may  rise  to  220  volts  if  the  negative  wire  becomes 
grounded,  or  vice  versa,  when  the  neutral  wire  is  insulated.  But  it 
can  hardly  be  said  that  trouble  would  be  avoided  if  the  neutral  were 
grounded,  as  the  effect  of  a  ground  on  either  of  the  other  sides 
would  then  be  to  make  a  short  circuit  which  would  blow  the  fuse  of 
that  wire,  and  perhaps  that  of  the  neutral  also,  thus  putting  out  the 
lamps  on  that  portion  of  the  circuit.  To  be  sure  this  locates  tiie 
trouble  and  calls  for  immediate  attention,  which  may  be  a  simple, 
but  is  also  a  crude  way  to  keep  the  circuits  clear  of  faults.  If  an 
accidental  ground  connection  exists  on  one  of  the  conductors  when 
the  neutral  wire  is  not  grounded,  no  trouble  results  until  another 
ground  occurs  on  one  of  the  other  two  conductors.  In  the  mean- 
time an  opportunity  is  afforded  to  correct  the  fault  before  any  in- 
terruption of  service  or  difficulty  of  any  kind  is  experienced. 

Unfortunately  it  is  very  troublesome  to  detect  and  locate  a 
ground  connection  even  on  a  two-wire  circuit  and  still  more  so 
with  three  wires.  Nevertheless  there  are  methods  which  will  ac- 
complish this  result,  and  if  these  were  more  generally  used  they 
would  be  found  to  afford  reasonably  practical  and  convenient 
means  of  taking  care  of  three-wire  systems.  But  these  methods 
fait;  in  fact  the  problem  is  practically  impossible  to  solve  if  the 
neutral  wire  is  grounded. 

Regarding  the  second  advantage  of  grounding  the  neutral  con- 
ductor, it  may  be  said  that  it  is  well  enough  to  use  the  earth  to  re- 
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inforce  the  coaductance  of  the  circuit,  provided  no  serious  difRcuUy 
results.  But  it  is  found  that  great  damage  is  done  by  electrolytic 
action  on  gas,  water  and  other  kinds  of  pipes  if  large  currents  are 
allowed  to  flow  promiscuously  through  the  earth.  In  the  case  of 
electric  railways  with  overhead  trolleys  it  is  necessary  to  allow  the 
current  to  pass  into  the  track  or  else  adopt  the  double-trolley  sys- 
tem, which  is  complicated  and  not  considered  practicable.  But 
even  for  the  trolley  system  the  tendency  is  to  demand  more  perfect 
bonding  of  the  rails,  and  the  use  of  return  feeders  to  reduce  the 
stray  currents.  In  electric  lighting  no  very  strong  reason  exists 
for  intentionally  grounding  the  circuit  or  any  portion  of  it,  except  ■ 
perhaps  the  secondary  circuit  of  a  transformer,  as  a  safeguard  in 
case  the  high-tension  primary  circuit  accidentally  connects  with 
the  secondary. 

Insurance  and  fire  department  authorities  are  vigorously  opposed 
to  grounding  the  neutral  of  a  three-wire  system,  or,  in  fact,  any 
part  of  an  electrical  circuit,  their  experience  having  convinced 
them  that  it  is  the  source  of  much  danger  and  trouble.  It  is  be- 
cause of  this  opposition  that  the  practice  has  been  abandoned  or 
avoided  as  far  as  possible,  as  many  central  station  officers  would 
prefer  to  ground  the  neutral  conductors. 

Peculiar  Conditions  on  a  Three-wire  System.  The  following  case.1 
may  occur : 

1.  The  dynamo  or  dynamos  on  one  side  of  the  system  may  be 
accidentally  reversed,  so  that  both  of  the  outside  wires  are  positive 
or  both  negative.  In  that  case  a  motor  or  other  device  fed  by  the 
two  outside  conductors  will  receive  no  current,  but  lamps,  etc.,  con- 
nected between  the  neutral  and  either  of  the  outside  wires  will  have 
the  usual  voltage  reversed,  however  on  one  side. 

2.  If  one  of  the  outside  wires  is  open  at  B,  Fig.  30a,  due  to  the 
blowing  of  a  fuse  or  other  cause,  amotor,jl/(220-volt), beyond  the 
break,  B,  will  receive  some  current  at  1 10  volts  through  any  lamps, 
Z,  that  may  be  on  the  same  side  of  the  break  as  the  motor,  and  on 
tiie  same  side  of  the  system  as  the  break.  These  lamps  will  light 
up  when  the  motor  is  connected,  but  the  latter  will  not  have  much 
power, 

3.  If  the  neutral  wire  is  open,  a  motor  or  other  device  connected 
to  the  outside  wires  will  act  as  usual,  but  lamps  on  one  side  of  the 
system  will  burn  more  brightly  than  those  on  the  other  side,  unless 
the  two  sides  are  exactly  balanced. 
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4.  If  one  of  the  outside  wires.  Fig.  31,  becomes  grounded  at  P, 
a  I  lO-volt  lamp,  L,  or  other  apparatus,  also  grounded  and  con- 
nected to  the  other  outside  wire,  will  receive  220  volts  which  is 
likely  to  deistroy  it. 

Five-wire  Systems. 
The  principle  of  the  three-wire  system  may  be  extended,  in  order 
to  effect  a  still  greater  saving  of  copper  in  electrical  distribution- 
It  would  be  possible,  for  example,  to  have  a  four-wire  system  re- 
quiring two-ninths  as  much  copper  as  an  equivalent  two-wire  cir- 
cuit, but,  for  reasons  to  be  given  later,  it  has  rarely,  tf  ever,  been 
tried.  The  five-wire  system  is  employed  in  many  places  in  Europe, 
but  has  not  been  introduced  to  any  extent  in  this  country.     It  may 
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Fig.  3J  and  33. — Five-Wire  Systems. 

be  operated  with  four  dynamos,  C,  D,  E  and  F,  as  represented  in 
Fig-  32,  but  the  arrangements  shown  in  Figs.  33  and  34  are  more 
common.  The  second  of  these  is  similar  to  the  three-wire  system 
illustrated  in  Fig.  29,  only  one  main  dynamo,  D,  being  required, 
and  the  total  pressure  generated  by  it,  ordinarily  about  440  volts, 
is  subdivided  by  the  four  small  equalizing  machines  or  compen- 
sators,y,  K,  L  and  M.  These  may  consist  of  four  separate  ma- 
chines mechanically  connected  together,  or  they  may  be  made 
with  all  of  their  armature  windings  upon  the  same  core  and  acted 
upon  by  one  field  magnet,  in  order  to  neutralize  the  effects  of 
armature  reaction.  Fig.  33  shows  a  combination  similar  to  the 
three-wire  system  represented  in  Fig.  25,  a  battery,  N,  P,  Q,  R^ 
being  utilized  to  subdivide  the  voltage  of  the  main  dynamo  D. 
The  conductors  are  designated  as  shown  in  Fig.  32,  the  two  extra 
wires  being  called  the  "  positive  neutral "  $  and  the  "  n^ative 
neutral "  ©  respectively. 
The  comparative  weight  of  copper  required  for  the  five-wire 
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system  may  be  determined  by  reasoning  similar  to  that  used  in 
connection  with  the  three- wire  diagrams  (Figs.  23  and  24).  But 
it  can  be  arrived  at  more  simply  by  considering  that  the  current 
in  each  of  the  outside  wires  of  a  perfectly  balanced  five-wire  sys- 
tem is  one-quarter  as  much  as  in  a  two-wire  circuit  supplying  the 
same  number  of  lamps.  Hence  the  drop  is  only  one-quarter  as 
great  in  the  former  case,  assuming  the  conductors  to  be  of  the 
same  size.  But  since  with  five  wires,  there  are  four  sets  of  lamps 
in  series,  the  percentage  of  drop  is  J^  x  %  —  tt  *^  much,  or  in 
other  words,  each  conductor  need  be  only  one-sixteenth  as  large 
for  the  same  percentage  of  drop.  Therefore  the  two  outside  con- 
ductors of  the  five-wire  system  weigh  one-sixteenth  as  much 
as  those  of  an  equivalent  two-wire  circuit  and  the  five  conductors 
weigh  4  X  tV  ""  ^  *^  much  if  all  are  made  of  the  same  size.  By 
making  each  of  the  three  intermediate  wires  one-half  as  large 
as  each  of  the  outside  ones,  the  total  weight  is  reduced  to 
tV  +  1  X  -j^  =  ^,  or  less  than  one-eighth  as  much  copper  as  the 
two-wire  circuit  demands.  The  various  results  that  have  been  ob- 
tained may  be  recapitulated  as  follows: 

Comparative  weights  of  copper  required. 

Ordiwury  Iwo-wire  syUem i.ooo 

TbRe-wiresystemiall  three  wimof  same  siz« 375 

Tbree-wire  Eysteiii,neutraIoDe  half  size  .313 

Four-wire  system,  all  four  wirn  of  same  size 13a 

FiTe-wiresyslcm, all  five  wires  of  sune  size 156 

Five-wire(ystem,lhree  inside  wiresone-halfuze 109 

It  is  evident  that  similar  systems  having  a  greater  number  of 
wires  might  be  designed,  but  they  would  be  extremely  compli- 
cated and  of  very  doubtful  advantage.  In  fact,  the  desirability  of 
a  five-wire  system  is  questionable,  since  the  use  of  220-voIt  lamps 
enables  three-wire  circuits  to  be  operated  at  440  volts.  A  five- 
wire  system  calls  for  an  even  more  perfect  balance  of  load  than  is 
needed  for  three-wire  circuits.  This  is  secured  by  carefully  divid- 
ing the  lamps,  etc.,  between  the  four  parts  of  the  system  so  that 
the  loads  may  be  as  nearly  equal  as  possible  at  all  times.  To  this 
end  all  five  wires  should  be  carried  wherever  any  considerable 
amount  of  energy  is  likely  to  be  used,  as  represented  at  A  in  Fig. 
34.  If  the  demand  for  current  is  small  it  is  only  necessary  to  run 
three  wires,  as  shown  at  B.  But  in  this  case  an  approximately 
equal  load  /* should  be  connected  to  the  other  side  of  the  system. 
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For  very  small  loads,  E,  F,  R  and  S,  it  may  be  allowable  to  put 
them  on  the  separate  parts  of  the  systems,  provided  they  are 
equally  distributed  as  represented.  Motors  should  generally  be 
supplied  from  the  two  outside  wires  (440  volts)  as  indicated  at  A', 


Fig.  34. — Five-wire  Svstbm. 

but  if  they  are  not  large  they  may  be  connected  to  the  +  and  o  or 
to  the  o  and  —  conductors  (220  volts]  at  B  or  P,  and  very  small 
machines,  such  as  fan  motors,  may  be  connected  to  adjacent  wires 
(no  volts)  at  £  or  i?.  Arc  lamps  maybe  arranged  as  shown  at 
F  and  S,  or  a  suitable  number  may  be  put  in  series  across  the  out- 
side wires  at  A  or  B. 

The  flow  of  the  currents  and  values  of  the  potential  in  five-wire 
systems  may  be  determined  by  extending  the  methods  already  de- 
scribed in  connection  with  three-wire  circuits.  Although  appar- 
ently a  complicated  matter,  a  problem  of  this  kind  can  be  solved 
without  much  difficulty  in  most  cases.  In  practice,  the  current  to 
be  supplied  is  usually  known,  or  its  probable  value  may  be  assumed. 
A  diagram  similar  to  Fig.  35  should  then  be  made,  showing  the 
arrangement  of  circuits  and  distribution  of  current.  It  is  much 
simpler  and  in  most  cases  sufRciently  accurate  to  consider  the 
lamps  or  other  apparatus  requiring  energy,  to  be  located  in  groups, 
approximating  as  closely  as  possible  their  actual  positions. 

This  enables  the  conductors  to  be  divided  into  sections,  in  each 
of  which  the  current  is  uniform,  as  represented  in  Fig.  35.  The 
determination  of  the  amount  and  direction  of  the  currents  in  the 
various  sections  is  easily  made.     If  10  amperes  are  required  at  E 


D.q.tizecbvGoOgle 


ELECTRICAL  DISTRIBUTION. 


i77 


and  also  at  F,  it  follows  that  that  amount  of  current  will  flow  out 
on  the  +  wire  and  half-way  back  on  the  ffi  wire,  there  being  no 
current  in  the  rest  of  this  conductor.  Since  5  amperes  are  re- 
quired at  G,  one-half  of  the  10  amperes  will  flow  out  to  that  point 
and  the  other  five  amperes  will  return  to  the  dynamo  through  the 
O  conductor,  the  function  of  the  three  neutral  or  intermediate 
wires  being  to  carry  the  difference  between  the  currents  used  in  the 
adjacent  portions  of  the  system,  whatever  its  amount  and  direction 
may  be. 

The  five  amperes  required  at  H  are  supplied  by  the  0  conduc- 
tor, and  the  5  amperes  used  at  /  by  the  same  current  that  flows 
through  G,  hence  there  is  no  current  in  the  outer  half  of  the  @ 
wire.    The  currents  from  H  and  J  return  to  the  dynamo  D  by  the 
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Fio.  35.— Distribution  of  Current  ik  Fivb-Wirb  System. 

—  conductor  as  shown.  In  a  similar  manner  the  flow  of  current 
in  any  multiple-wire  system  may  be  determined,  no  matter  how. 
lai^e  or  how  small  the  loads  on  the  different  parts  may  be. 

The  next  step  is  to  determine  the  voltage  at  the  various  points, 
as  indicated  in  Figs,  36  and  37.  Let  us  first  consider  the  case 
(Fig.  36)  of  10  amperes  being  required  at  E,  with  no  current  used 
in  the  rest  of  the  system.  Assuming  each  conductor  to  have  one 
ohm  resistance,  the  drop  on  the  +  is  10  volts  and  the  same  on  the 
®  wire,  so  that  the  lamps  receive  only  95  volts,  the  pressure  at  the 
dynamo  being  115  volts.  There  will  be  no  drop  on  any  of  the 
other  three  wires,  since  no  current  is  drawn  from  them.  It  is  in- 
teresting to  observe  that  the  potential  difference  between  the  ex- 
tremities of  the  ®  and  O  wires  will  be  125  volts,  as  shown  in  Fig. 
36.     If  three  other  groups  of  lamps  were  added  so  that  10  amperes 
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would  flow  directly  across  from  EtoJ,  the  total  drop  would  be  20 
volts  as  before,  10  volts  drop  being  transferred  from  the  ®  to  the 
—  wire,  and  each  group  would  receive  1 10  volts  instead  of  95,  the 
aggregate  number  of  lamps  being  four  times  as  great.  This  brings 
out  forcibly  the  advantage  of  a  perfectly  balanced  five-wire  system 
over  a  two-wire  circuit,  which  the  first  case  practically  amounted  to. 

With  groups  of  tamps  placed  at  E,  F,G,  H  and  /  {Fig.  37)t  the 
pressure  is  far  from  uniform,  although  the  system  is  fairly  well 
balanced  in  the  number  of  lamps,  but  not  in  their  position.  TJiis 
potential  diagram  is  made  by  drawing  from  the  five  points  marked 
+iffi.O,  ©  and  —  lines  representing  the  pressure  in  the  respective 
conductors  and  portions  thereof.  By  comparing  Figs.  35  aod  37 
it  will  be  seen  that  the  direction  of  these  lines  is  easily  and  defi- 
nitely determined,  the  drop  or  slope  of  each  section  being  equal  to 
its  resistance  multiplied  by  the  current  Bowing  in  it.  In  this  con- 
nection  it  should  be  noted  that  the  current  in  each  group  of  lamps 
has  been  assumed  to  be  constant,  but  it  is  evident  that  the  group 
at  J,  receiving  only  105  volts,  will  take  less  current  than  those  at 
G,  where  the  pressure  is  117.S  volts.  This  fact  might  be  allowed 
for  by  modifying  the  values  of  the  current  in  proportion  to  the 
voltage,  but  the  resistance  of  the  lamps  also  varies,  so  that  it  would 
be  very  difficult  to  calculate  the  current  that  each  group  would 
take.  In  practice  conductors  are  designed  to  supply  a  given  cur- 
rent at  a  certain  point,  and  slight  variations  in  current  due  to 
changes  in  resistance,  working  conditions,  etc.,  are  not  usually 
considered. 

This  may  appear  to  be  a  somewhat  rough  method,  but  is  not 
only  justifiable,  but  practically  unavoidable.  In  electric  railway 
work  for  example,  the  current  required  by  a  car  varies  g^atly  with 
the  speed,  grade,  condition  of  track,  load  on  the  car,  etc.  Hence 
the  only  practicable  plan  is  to  assume  a  certain  average  current,  or 
a  certain  maximum  current  in  designing  the  generating  plant,  con- 
ductors, etc.  The  average  current  corresponds  to  the  ordinary 
working  conditions  and  the  maximum  current  to  the  greatest  pos- 
sible requirements.  The  same  is  true  for  electric  lighting  in  which 
variations  in  the  resistance  of  lamps  are  far  less  important  than 
the  changes  in  the  number  of  lamps  which  are  continually  being 
made. 

In  practice  the  electric  light  engineer  considers- the  initial  voltage 
at  the  generators,  the  drop  on  the  conductors,  which  gives  him  the 
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voltage  at  the  lamps  and  the  current  to  be  supplied  to  them.  He 
could  easily  calculate  the  resistance  of  the  lamps  by  dividing  the 
voltage  by  the  current  flowing  through  them,  but  as  a  matter  of 
fact  he  rarely,  if  ever,  does  this.  It  is  only  the  inexperienced  stu- 
dent who  attempts  to  apply  Ohm's  law  to  the  circuit  as  a  whole. 
The  practicing  engineer  confines  it  to  determining  the  drop  on  the 


Figs.  36  and  37. — Distribution  in  Potential  of  5-WIRE  Systems. 

wires,  which  is  equal  to  their  resistance  multiplied  by  the  current 
carried  by  them.  The  same  is  true  in  power  transmission  and  dis- 
tribution, including  electric  railway  work.  In  fact  it  is  practically 
impossible  to  predetermine  the  resistance  of  the  whole  circuit  ex- 
cept in  very  simple  cases.  The  writer  has  never  before  seen  this 
fact  pointed  out,  although  it  distinguishes  the  professional  from 
the  amateur  without  fail. 

Seven-Wire  Systems.  This  is  the  next  higher  multiple-wire  sys- 
tem that  would  be  used,  since  it  can  readily  be  divided  into  two 
four-wire  systems,  or  three  three-wire  systems,  in  order  to  supply 
current  to  individual  buildings  where  it  is  not  necessary  to  carry 
all  seven  conductors.  Neither  the  four-wire  nor  the  six-wire  sys- 
tems are  capable  of  being  conveniently  divided  into  equal  parts  in 
this  way,  hence  they  are  not  to  be  recommended  for  adoption,  ex- 
cept perhaps  in  some  special  case.  The  seven-wire  system,  with 
all  conductors  of  the  same  size,  requires  0.0972,  or  a  little  less 
than  one-tenth  as  much  copper  as  an  equivalent  two-wire  circuit, 
but  its  complication  is  so  great  as  to  make  tt  of  very  questionable 
desirability.  Its  design  and  operation  would  be  similar  to  that  of 
the  three-  and  five-wire  systems  already  described. 

Direct  Current  Converters. 
The  fact  that  electrical  ener^Q'  can  be  readily  transformed  from 
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a  higher  to  a  lower  voltage,  or  vUt  versa,  coastitutes  one  of  its 
most  important  advantages,  and  enables  it  to  be  conveniently  and 
economically  transmitted  and  distributed.  The  most  prominent 
example  of  this  method  is  the  ordinary  alternating  current  system, 
in  which  a  high  pressure  of  a  thousand  volts,  or  more,  generated 
by  the  dynamos,  may  be  carried  by  small  wires  to  a  considerable 
distance,  and  there  transformed  to  a  low  voltage  that  is  harmless 
to  persons  and  adapted  to  supply  lamps,  etc. 

The  direct  current  can  also  be  transmitted  in  a  similar  manner, 
but  it  requires  rotary  converters  instead  of  the  simple  static  trans- 
formers which  are  used  for  the  alternating  current. 

Rotary  converters  consist  of  a  motor  and  a  dynamo  combined, 
the  former  being  driven  by  the  current  from  the  main  or  primary 
circuit,  and  the  latter  generating  ihe  current  for  the  secondary  c»- 
attt,  by  which  the  lamps,  etc.,  are  supplied.  It  is  obvious  that  the 
dynamo  may  be  designed  to  produce  any  desired  voltage  without 
regard  to  that  of  the  primary  circuit.  Hut  in  every  case  the  watts — 
product  of  the  volts  and  amperes — are  less  in  the  secondary  circuit 
by  an  amount  corresponding  to  the  frictional  and  other  losses 
which  necessarily  occur.  This  device  has  been  given  many  nam^, 
such  as  dynamotor,  motor-dynamo,  motor-transformer,  rotary- 
transformer,  motor-converter  and  rotary  converter.  The  first  of 
these  has  the  advantage  of  being  a  single  word,  but  has  been  ob- 
jected to  because  the  order  in  which  the  two  machines  work  is 
inverted,  hence  the  second  name  is  more  often  used,  although  less 
euphonious.  The  word  transformer  has  been  almost  universally 
adopted  for  the  induction  coil  or  static  transformer,  so  that  the 
term  converter,  which  was  formerly  applied  to  this  device,  is  now 
free  to  be  used  for  the  rotary  or  motor- converter.  There  is  cer- 
tainly no  advantage  in  having  two  names  used  indiscriminately  for 
two  difTerent  things ;  whereas  it  iVould  be  convenient  and  avoid 
confusion  if  they  were  employed  respectively  in  the  manner  here 
suggested. 

In  many  instances  the  two  armature  windings  are  placed  on  the 
same  core  and  are  acted  upon  by  the  same  field  magnet.  ■  This 
construction  secures  compactness  and  also  causes  the  armature  re- 
action  of  the  dynamo  to  practically  neutralize  that  of  the  motor, 
thereby  avoiding  sparking  and  other  troubles.  But  it  is  open  to 
the  objection  that  it  is  somewhat  difhcult  to  insulate  the  two  wind- 
ings from  each  other,  and  absolutely  prevent  the  high  voltage  of 


D.g.tizecbvGoOgle 


ELECTRICAL  DISTRIBUTION.  381 

one  from  breaking  through  to  the  other.  Therefore,  this  arrange- 
ment is  not  desirable  where  there  are  great  differences  in  potential 
between  the  primary  and  secondary  circuits,  unless  special  precau- 
tions are  taken.  Another  limitation  of  this  construction  is  the 
difficulty  of  acting  on  the  two  armature  windings  independently 
for  purposes  of  regulation.  Since  both  are  wound  upon  the  same 
core  and  are  under  the  influence  of  the  same  field,  it  is  hardly 
possible  to  change  the  speed,  magnetic  flux  or  other  conditions 
of  one  with  respect  to  the  other.  In  other  words,  the  ratio  of  con- 
version, that  is,  the  relation  between  the  primary  and  secondary 
voltages,  is  practically  constant,  no  matter  how  much  the  speed  or 
flux  may  be  varied.  To  be  sure,  the  difference  of  potential  be- 
tween the  secondary  brushes  may  be  decreased  by  introducing  re- 
sistance in  the  primary  circuit,  but  this  merely  has  the  effect  of  re- 
ducing the  available  voltage  supplied  to  the  motor.  The  amount 
of  this  reduction  is  the  drop™/^,  in  which  /  is  the  primary  cur- 
rent and  R_  the  resistance.  A  corresponding  decrease  in  voltage  is 
produced  in  the  secondary  circuit,  but  the  ratio  of  conversion  re- 
mains substantially  unchanged.  Resistance  put  in  the  secondary 
circuit  will  have  a  similar  effect  in  decreasing  the  available  poten- 
tial, but  in  either  case  the  loss  of  energy  is  considerable,  its  value 
in  watts  being  I*R.  The  so-called  "regulation"  is  also  seriously 
interfered  with ;  that  is,  the  available  secondary  voltage  varies 
greatly  with  changes  in  the  load,  because  any  alteration  in  the  cur- 
rent has  a  corresponding  effect  on  the  drop  IR.  Such  a  variation 
in  pressure  would  usually  be  very  objectionable ;  in  electric  light- 
ing, for  example,  the  voltage  would  fall  as  more  lamps  were  added 
in  parallel. 

In  order  to  secure  independence  of  action  between  the  motor 
and  the  dynamo  portions  of  a  rotary  converter,  the  two  armature 
windings  should  be  carried  by  separate  cores,  each  being  acted 
upon  by  its  own  field  magnet.  This  allows  the  held  of  the  dynamo 
to  be  independently  regulated,  in  order  to  vary  the  voltage  gener- 
ated. In  fact,  any  of  the  well-known  methods  of  dynamo  regula- 
tion may  be  employed.  For  example,  compound  or  over-compound 
winding  will  give  a  constant  or  a  rising  pressure,  with  increase  of 
current  in  the  secondary  circuit.  In  these  cases,  the  separate 
armatures  may  be  mounted  upon  the  same  shaft,  with  only  one 
pair  of  bearings,  in  order  to  combine  the  two  parts  in  one  machine, 
or  two  entirely  distinct  machines  may  be  connected  directly  or  by 
belting. 
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It  is  evident  that  the  motor  of  a  rotary  converter  may  be  de- 
signed to  operate  with  an  alternating  current,  and  the  dynamo  to 
generate  a  direct  currmt,  or  vtce  versa,  in  order  to  convert  alter- 
nating to  direct  currents,  or  the  converse. 

Another  type  of  a  rotary  converter  is  that  in  which  the  same 
armature  winding  performs  both  the  motor  and  dynamo  functions. 
A  simple  form  of  this  machine,  shown  in  Fig.  38,  consists  of  a  ring 


Fig.  38.— Direct- Altekn  ATI  kg  Current  Converter. 


armature,  diametrically  opposite  points  of  the  winding  being  re- 
spectively connected  to  two  collecting  rings.  When  the  armature 
is  supplied  with  direct  current  in  the  usual  way  by  the  brushes  -f 
and  — ,  it  will  revolve  as  a  motor,  and  an  alternating  current  may 
be  obtained  from  the  brushes  A  and  B.  This  action  can  be  easily 
understood  when  it  is  considered  that  the  outer  collecting  rit^  is 
connected  to  the  top  or  -f  point  of  the  winding  and  the  inner  ring 
to  the  bottom  or  —  point  of  the  winding,  hence  the  current  tends  to 
flow  from  the  brush  B  to  the  brush  A  ;  but  when  the  armature  has 
turned  through  180  degrees,  or  half  a  revolution,  these  conditions 
will  be  exactly  reversed,  and  the  current  tends  to  Bow  from  A  to 
B,  Thus  it  is  seen  that  an  armature  having  only  a  single  winding 
may  be  fed  with  a  direct  current,  and  will  give  out  an  alternating 
current.  The  ratio  between  the  primary  and  secondary  voltages  is 
practically  fixed  in  this  form  of  converter,  since  the  maximum 
value  of  the  alternating  E.  M.  F.  is  equal  to  the  voltage  of  the 
direct  current,  as  is  evident  from  the  diagram.  With  a  true  sine 
wave  the  effective  value  of  the  alternating  E.  M.  F.  is  0,707  of  the 
direct  E.  M.  F. 

The  current  capacity  of  one  of  these  machines  when  used  as  a 
converter  is  usually  greater  than  its  ordinary  capacity  as  a  genera- 
tor since  the  current  flows  directly  from  the  primary  to  the  second- 
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ary  circuit  for  a  portion  of  the  time  without  passing  through  the 
armature  coils. 

If  these  machines  are  used  to  convert  alternating  to  direct  cur- 
rent, they  are  run  as  synchronous  motors ;  hence  they  must  first  be 
brought  up  in  speed  by  some  extraneous  power  until  they  are  in 
synchronism  with  the  alternating  current  by  which  they  are  to  be 
operated.  These  machines  are  capable  of  exciting  their  own  field 
magnets. 

By  tapping  the  direct  current  winding  at  three  points  or  four 
points,  machines  are  made  for  generating  or  utilizing  two  or  three 
phase  alternating  currents. 

Rotary  Converter  Systems  of  Distribution.  The  usual  arrangement 
of  rotary  converters  in  electrical  distribution  is  that  represented  in 
Fig-  39>  being  analogous  to  the  ordinary  alternating  current  sys- 


b 
Fic,  39.— Distribution  by  Rotary  Converters  in  Parallel. 

tern  with  static  transformers.  The  current  produced  by  the  main 
generator  G  is  carried  to  the  converters  by  the  conductors,  A  and 
B,  to  which  the  motor  portions  M  of  the  rotary  converters  are 
connected  in  parallel.  These  motors  are  provided  with  shunt 
wound  field  coils,  consequently  they  run  at  a  practically  constant 
speed.  The  dynamo  portion  D  of  the  converters  are  connected  to 
the  secondary  circuits  which  supply  the  lamps,  etc.,  L,  as  indicated. 
The  field  magnets  of  these  dynamos  may  also  be  fed  by  the  main 
circuit  AB,  or  they  may  be  self-excited  by  shunt  or  compound 
winding.  This  system  has  several  disadvantages  compared  with 
the  alternating  current  system.  Rotary  converters  are  more  com- 
plicated, cost  more,  require  more  attention  and  are  less  efficient 
than  static  transformers.  But  it  has  been  shown  that  they  may  be 
compound  or  over-compound  wound,  in  order  to  supply  a  uniform 
voltage,  which  is  not  practicable  with  static  transformers.  Furth- 
ermore, it  is  generally  found  that  rotary  converters  are  easily  taken 
care  of  and  rarely  get  out  of  order.  In  many  cases  their  use  may 
t>e  desirable  or  necessary,  as,  for  example,  in  electrochemical  or 
electrometallurgical  work,  in  connection  with  storage  batteries,  or 
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for  many  purposes  where  it  is  required  to  convert  direct  currents 
to  a  higher  or  lower  pressure. 

Rotary  converters  may  also  be  arranged  as  illustrated  in  Fig.  40, 
the  motor  parts  of  J/being  all  connected  in  series  with  the  main 
generator  G,  and  the  dynamo  parts  D  of  the  converters  being  con- 
nected to  the  lamps,  etc.,  L.  If  the  current  is  kept  constant  (the 
generator  G  having  a  regulator  like  an  arc  lighting  dynamo),  and 
the  motors  J/ are  simple  series  wound  machines,  they  will  exert  a 


Fig.  40. — Distribution  by  Rotakv  Convertbks  in  Servicb. 

certain  torque  or  turning  effort  which  will  be  constant.  It  follows, 
therefore,  if  the  dynamos  D  arc  also  series  wound,  that  each  will 
generate  a  certain  current  which  will  be  constant.  If  lamps  or 
other  devices  designed  for  that  particular  current  are  connected  in 
series  on  the  secondary  circuits,  the  dynamos  D  will  always  main- 
tain that  current,  no  matter  how  many  lamps  there  may  be.  When 
lamps  are  added  the  resistance  of  the  local  circuit  is  raised  and  the 
current  in  it  decreases,  so  that  the  dynamo  increases  its  speed  until 
it  generates  sufficient  E.  M.  F.  to  produce  practically  the  same 
current  as  before.  Hence  this  constitutes  a  system  which  is  self- 
regulating,  when  lamps,  etc.,  arc  cut  in  or  out  of  the  secondary 
circuits.  No  harm  results  even  when  the  secondary  is  short- 
circuited,  since  only  the  normal  current  can  be  generated.  But  if 
the  secondary  circuit  is  opened,  then  the  machine  will  race  and 
probably  injure  itself  by  centrifugal  force,  because  the  torque  of 
the  motor  M  has  its  full  value,  and  there  is  no  load  upon  the 
dynamo  D.  To  guard  against  this  danger,  some  automatic  device 
should  be  provided  to  short-circuit  the  field  or  armature  of  the 
motor  when  its  speed  or  counter  E.  M.  F.  rises  above  a  certain 
point.  Another  way  to  operate  such  a  system  would  be  to  use 
motors  jif  with  governors  which  maintain  a  constant  speed  for  all 
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loads,  in  which  case  the  dynamos  D  should  be  shunt  or  compound 
wound,  to  feed  lamps,  etc.,  in  parallel  at  constant  potential. 

This  practically  completes  the  important  principles  and  methods 
that  are  employed  in  the  distribution  of  direct  currents.  Those 
used  for  alternating  currents  are  quite  similar,  the  principal  dif- 
ferences being  due  to  the  fact  that  self-induction  and  capacity  must 
be  considered  in  addition  to  simple  ohmic  resistance. 


AN  INTRODUCTION   TO  THE  STUDY  AND  EXPERI- 
MENTAL DETERMINATION  OF  THE  CHAR- 
ACTERS OF  CRYSTALS. 
B»  ALFRED  J.  MOSES,  Ph.D. 
(Continaed  rrom  page  s88. } 
CHAPTER  IV. 

THE  THIRTY-TWO  CLASSES  OF  CRYSTALS. 

In  this  classification,  following  Professor  Groth,  the  conception  ■ 
of  hemihedral  and  tetartohedral  forms  is  abandoned  because  the 
geometrically  connected  whole  and  partial  forms  have  no  structural 
connection  and  are  incapable  of  occurrence  upon  crystals  of  the  same 
substance. 

Each  occurring  form  is,  therefore,  considered  to  be  complete  and 
independent,  and  with  a  grade  of  symmetry  which  is  not  in  every 
case  determinable  from  a  consideration  of  the  grouping  of  the  faces, 
but  involves  the  far  wider  conception  that  two  directions  are  not 
structurally  equivalent  unless  they  are  equivalent  with  respect  to  all 
properties,  and  that  two  forms  geometrically  identical  are  not  struc- 
turally so  if  in  corresponding  directions  there  is  revealed  an  essen- 
tial diflerence  in  behavior  with  polarized  light  or  etching  or  pyro- 
electricity  or  any  other  test,  the  results  of  which  depend  upon  the 
manner  the  crystal  molecules  are  built  together. 

With  this  conception  the  same  geometric  form  may  occur  on 
crystals  structurally  different,  and  is  to  be  regarded  as  in  each  case 
a  limit  form  of  geometrically  distinct  general  forms.  If  a  class  be 
made  of  each  conceivable  variation  of  general  form  and  its  geo- 
metric limit  forms,  two  great  essentials  will  be  fulfilied: 
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1.  All  known  and  some  unknown  forms  will  be  classed. 

2.  Each  class  will  consist  of  forms  capable  of  occurring  upon 
crystals  of  the  same  substance,  and  will  contain  all  the  forms  which 
can  occur  on  these  crystals. 

There  have  been  distinguished  thirty-two  grades  or  classes  of 
symmetry  which  may  be  united  into  six  systems  by  grouping  to- 
gether classes  in  which  the  selected  axes  of  reference  are  geo- 
metrically similar. 

In  the  stereographic  projection  of  the  general  form  given  under 
each  class  all  full  lines,  whether  diameters,  circles  or  arcs  of  cir- 
cles represent  planes  of  symmetry  and  the  small  black  ellipses, 
triangles,  squares  and  hexagons  represent  the  axes  of  binary, 
ternary  quaternary  and  senary  symmetry. 

TRICLINIC  SYSTEM. 

This  system  must  include  all  crystallographic  forms  which  can 
only  be  referred  to  three  non-equivalent  axes,  Fig.  39,  at  oblique 
angles,  a,  p,  and  y,  to  each  other. 

The  selection  of  axes  is  arbitrary,  two  edges  are<;hosen  as  direc- 
tions of  the  basal  axes,  a  and  b.  Two  planes  from  the  zones  of 
these  edges  are  chosen  as  \  \QO\  and  Joio|  and  their  intersections 
are  the  vertical  axes  c. 


\. 


I.  Unsymmetrical  Class. 

Without  either  planes  or  axes  of  symmetry.     The  projection, 

Fig.  40,  shows  that  the  symmetry  of  the  class  is  satisfied  with  one 

face  for  the  most  general  form.    Example. — Calcium  thiosulphate, 

CaS,0,.6H,0. 

2.  Class  of  Pinacoids, 
With  composite  symmetry  to  a  binary  axis  and  a  plane  nonnal 
thereto. 
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As  shown  in  projection.  Fig.  41,  any  upper  face  indicated  by  X 
would  by  simultaneous  rotation  around  the  axis  and  reflection  in 
the  plane  coincide  with  the  diametrically  opposite  lower  face,  that 
is,  the  symmetry  of  the  class  is  satisfied  by  two  faces  for  the  most 
general  form  or  Pinacoid (Tejarto  Pyramid),  Fig.  42.  Examples. — 
Albite,  cyanite  and  chalcanthite. 


The  Six  Limit  Forms. 

In  each  class  there  are  six  limit  forms  corresponding  to  six 

special  positions  of  the  faces  of  the  general  form.     In  Class  2 

these  will  be  pairs  of  parallel  planes,  and  in  Class  i  single  planes 

only. 


Pttiliou  ef  any  Fate.     Symioi. 


I 

PanOlel  to  o  and  «. 

{001! 

PLAN!  Of  Fig,  43. 

FiNA(x>iD  Fig.  43. 

3 

t^r«llel  to  a  ud  r. 

Joioj 

Plans  of  Fig,  44. 

PlNACOlD  Fig,  44. 

3- 

P«raUd  to  *  Md  <■. 

Jioof 

Plans  of  Fig.  45. 

PiNACoiu  Fig.  45. 

4- 

FaraUel  to  a. 

{o*/i 

Plans  of  Fig.  46. 

PiNACOID  Fig.  46. 

S 

P«r«]]el  to  i. 

fM 

Plans  of  Fig,  47. 

PlNACOlD  Fig.  47, 

6 

Parallel  to  <-. 

i«of 

Plane  of  Fig.  48. 

PiNACOID  Fig,  48, 
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v-i- 

4^- 

-- 

Fig.  46. 


Fig.  47. 


Fio.  48. 


Projection  and  Calculation  of  Triclinic  Forms, 
Thk  projection  is  conveniently  made  upon  a  plane  normal  to 

the  vertical  axis  f.     All  planes  in  the  zone  of  i-  as  (lOO),  (oio); 

(no),  being  projected   in  the  primitive   circle  at  the  measured 

angles  apart. 
The  pole  of  any  face  P  will  lie  at  the  intersection  of  two 

circles  found  as  follows :  *     Their  centers  are  on  prolongations 

of  diameters   through  ^(100)  and  £(010)  and   distant  from  the 


and   their   radii   are   respectively  Kp^rtznPA,  Lp  ~r  tan  PB. 

Most  of  the  poles  are  found  by  zones  and  problem  3,  p.  286. 

The  calculations  are   principally   solutions   of  spherical  tri- 
angles f  and   of  equations  which  connect  measured  angles  with 

•Grolh,  PAyliialischi  Kryslallagrafliit,  p,  580,  HI.  ed. 
\  Fir  right-angUd  tphirieal  triauglis 

C^  90°         a,i,i^  sides  opporite  angles  A,  B,  C. 
_  sin  a  ^  cos  *  tan  i  . 


KxaA  — 
In  ailigiti  angled  ipherica!  Irianglet 


j<,  B,  C denote  angles  ,   a.  J,  ^,  opposile  sides,       ''""'"      — r    and   ^HlJjS^s 


cosfl—        cosicos^  +  ainisin^cos^ 

\-<~ 

V-V-" 

Zt^-      -^-V-'t^riT-' 
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indices  and  elements.     Wherever  possible  the  zonal  equations,  pp. 
280-283,  are  used  to  simplify  the  calculations. 
Determination  of  Elements. 

The  general  determination  of  pp.  277-279  requiring  the  meas- 
urement of  five  angles  between  four  planes,  no  three  of  which  lie 
in  the  same  zone,  is  followed  as  in  the  example  there  given. 
Genekal  Equation  between  Axes  and  Indices. 

Let  any  plane  the  indices  of  which  are  Jtkl  meet  the  axes  in 
HKL,  let  the  axes  meet  the  surface  of  a  sphere  described  around 
O,  in  XYZ  and  let  the  normal  Ofi  to  HKL  meet  the  sphere  in  P. 
Fig.  49. 

From  a  section  through  OHp  it  is  evident  that  Op^OH 
cos/iy.and.similarly,  0/=OA'cos/'Kand  Op—OLcosPZ.  Equa- 
ting, OH  cos  PX~~OK  cos  PY~^OL  cos  PZ. 

From  page  277,  we  have 


OH^ 


0K  = 


0L~ 


Substituting, 


To  Determine  Position  of  any  Pole  P. 

Let  Fig.  50  show  the  poles  in  projection.    From  the  following 
equations  the  position  of  P  will  result  if  the  indices  and  elements 
VOL.  xvin.— 37. 
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are  known,  or,  conversely,  the  indices  will  result*  if  the  position  is 
known  in  one  zonal  circle. 


sin  ^5  sin  CW 
sint^sin^//- 

sin  CAP 
"iinBTTP 

sinSCsin^AT 

sm  ABP 
'SKCBP' 

at 

sin /4«  sines' 

sin  CA  sin  BL 
iwiBCimAL 

sit,  BCP 
smACp- 

bh 

e  arcs  in  tlie 

ollowing 

re  Itnown, 

the 

sixtli 

results 

sin  BH  sm  CKsin  ^Z— sin  CHsia  ^^sin  BL. 

If  the  Elemeni's  are  Unknown  the  indices  of  a  face  lying  in  a 
known  zone  may  be  determined  by  measuring  the  angle  to  one 
face  in  that  zone,  and  as  three  faces  must  already  be  known,  sub- 
stituting in  the  formula  to  find  fourth  face  in  a  zone,  p.  281. 
Conversely,  if  the  indices  of  such  a  plane  are  known,  its  position 
may  be  calculated. 
To  Find  t  the  Arc  Joining  any  two  Poles  P  and  P'. 

Calculate  by  preceding  equations  the  distances  of  P  and 
P'  from  one  of  the  poles  A,  B  or  C,  and  the  angles  that  these 
distances  make  with  one  of  the  adjacent  sides  of  ABC,  therefore, 
the  angle  that  they  make  with  each  other.  From  two  sides  and 
included  angle  calculate  the  third  side  PP. 

MONOCLINIC  SYSTEM. 

All  forms  in  this  system  must  be  referable  to  three  non-equiva- 
lent axes,  Fig.  51,  two  oblique  to  each  other,  the  third,  normal  to 
their  plane. 

Conventionally  the  normal 
OT  ortho  axis  b  from  right  to 
left,  either  of  the  other  axes  is 
made  the  vertical,  c,  and  the 
third  the  clino,  a,  dips  down- 
ward from  back  to  front.  The 
acute  angle  between  the  ver- 
tical and  clino  axes  is  jJ.  Fic  s"- 


•  Story-Misltelytie's  Crystaltografhy,  p.  430. 
\  Millec'i  Cryttallegrapliy,  p.  98. 


D.g.tizecbvGoOgle 


CHARACTERS  OF  CRYSTALS. 


The  system  comprises  three  classes,  in  which  are  possible  maay 
series  each  including  all  the  forms  which  can  be  referred  to  the 
same  value  for  /S  and  to  the  same  parameters  a,  b,  c. 

3.  Class  of  the  Monocunic  Sphenoid. 
With  one  axis  of  binary  symmetry.  As  shown  in  the  projection 
upon  (oro)  Fig.  52,  the  pole  of  any  face  by  rotation  180°  around 
the  binary  axis  must  reach  the  pole  of  an  equivalent  face.  The 
two  faces  satisfy  the  symmetry  for  the  most  general  form  or  Sphe- 
noid, Fig,  53,     Examples. — ^Tartaric  acid,  milk  sugar. 


■^-^. 


> 


4.  Class  of  the  Mdnoclinic  Dome. 
Witli  one  plane  of  symmetry.  As  shown  in  the  projection  of  the 
general  form,  Fig.  54  any  face  reflected  in  the  plane  of  symmetry 
coincides  with  an  equivalent  opposite  face.  The  two  faces  satisfy 
the  symmetry  of  the  class  for  the  most  general  form  or  Dome,  Fig. 
55.    Example. — Potassic  tetrathionate  KtS,0^ 


FIC54. 


Fig.  55. 


;.  Prismatic  Class. 

With  one  plane  of  symmetry,  Fig.  56,  at  right  angles  to  an  axis 

of  binaiy  symmetry.    As  shown  in  projection,  Fig.  57,  any  face 
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the  pole  of  which  is  marked  X  by  rotation  of  i8o°  around  the  bi- 
nary axis  coincides  with  an  equivalent  face  in  the  alternate  octant^ 
these  reflected  in  the  plane  of  syrametiy  coincide  with  faces  the 
poles  which  are  marked  by  a  circle. 


Fio.  56.  Fig.  57.  Fic.  s& 

That  is  four  planes  satisfy  the  symmetry  for  the  most  general 
form  or  Prism,  Fig.  58.  Examples. — Pyroxene,  orthodasc,  gyp- 
sum. 

The  Six  Limit  Forms. 

In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  laces  of  the  general  form.  These  may  be  tabu- 
lated as  follows : 


aHllOB  of  Mr  Fu»  iDd  In  P«le. 

Sr-bol. 

w».or,™. 

ar'n'!'''^ 

I.  FanOld  to  a  u>d  « 

\mi\ 

Basal  Plank. 

3.  — .    5. 

Pold    projected*    00     the 

primitiTe  drde 

Oi.efcceorr.tS9. 

a.  Puallel  to  a  and  r  .    .   .   . 

SOIO| 

PiNACoiD,  Fig.  6a 

— .    *    S- 

Pole*  projected  at  Motre  .  . 

(ainoPiDMOid.) 

Plahe,  One  face  <rf  Fig.  60. 

3.— .  — ■ 

.  Itodlel  to  i  «id  <■ .  .  .  . 

iioof 

PiNACOID,  Fig.  61. 

S-  — »    5- 

(Ortho  Fii»coid.) 

Plane,  One  face  of  Fig.  61. 

Mutal  duuaeter 

Pbism,  Fig.  6a. 

4.  Pinnel  to  a  Poles  ue  on 

[oi/i 

(Clino  Dome.) 
Dome,  Fig,  65. 

_, 5. 

dimmeter  from  (001) ... 

— .  ■*!  — 

Sphenoid,  Fig.  67. 

S.  Fusllel  to  i  Poles  ue  on  i  ^Wj 

PiNACOID,  Fig.  63. 

3.  — .  s- 

(Hemi  Ortho  Dome.) 
Plane,  One  face  of  fig.  63. 

6.  P*nUd  to  c  Pole*  are  <m 

Pkism,  Fig.  64. 

— •  — t    S- 

HoriMnld  dUneter  .  .  .    \*to\ 

Dome,  F«.  66. 

— .  4,  — 

. 

Sphenoid,  Fig.  68. 

3.—.—- 

■Plane  ot  projection  the  pinacoid  (010). 
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/ 

..'/ 

/^^ 

/ 

Fig.  6i.  ■  Fio.  63, 

Limit  Forus  op  Class  5. 


FiQ.  65.  Fig.  66.  Fig,  67,     ■"        Fio.  68. 

Other  Dhit  Forms  which  are  New  Shapes. 

Projection  and  Calculation  of  Monoclinic  Forms, 

The  plane  of  projection  may  be  the  pinacoid  (01  o),  which  is 

a  plane  of  symmetiy  in  classes  4  and  5,  when  the  polca  of  all 
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planes  in  the  zone  of  b  will  lie  in  the  primitive  circle  as  given  tn 
preceding  table.  Or  the  projection  may  be  made,  as  in  the  tri- 
clinic  system,  upon  a  plane  normal  to  the  vertical  axis,  in  which 
case  the  poles  of  planes  in  the  zone  of  b  will  be  projected  on  the 
vertical  diameter  as  described  in  example,  p.  287. 

The  poles  will  be  found  as  in  the  triclintc  sj^em. 

When  a  plane  of  symmetry  appears  as  a  diameter  in  the  pro- 
jection, all  poles  and  indices  will  be  symmetrical  to  this  diameter. 
Determination  of  Elements. 

In  Fig.  29,  p.  278,  B  and  Y  will  coincide  and  BC,  AB  and  / 
become  90".    Then  AC=fi.     In  the  spherical  triangle  rst, 

cos  s  _         cos  t    OL       cos  ts 

cosfr—-- r — :  costt  —  — — -.  — — - 
sm  r  sm  J  '  OK 

^  OL       sin(i8o«— ^C— *-)     ,-  n   .      .  .      , 

*      OH™ — ^ — sini>- — "~"  '*  parametral    plane, 

OH:OK:OL  —  a:b:c,\[aot,am,OHJt,b—OK.k,c—OU.  That 
is  three  angles  suffice  for  the  determination  of  the  elements. 

To  Determine  the  Position  of  any  Pole  P. 
Using  notation  of  Fig.  69, 


-  —  cot  & 


;  cox.  AK— cox  AC = 


jcot  PB=~  sin  CK  =-j  sin  AK; 

sin  CK       ck   A^sin^Z)     sinCJt 
sin  AJT^al'J      '^^nZB"    ^mAK' 
k      sin  AD      XAtiOB 
I  ~  sin  AK'     XxaPB 

-J  (  cot  AD~fxX  AC) ;  cos  PA  =  sin  PB      ^. 

cos  AK;  cos  FCm=  sin  PB   cos  CK 

I  sin  AD 
tan  PB  =  -,-  -r-—,  f>tan  OB. 

k  smAK  p^^^ 

Because  B  is  pole  of  zone  circle  AA',  CK—  PBC,  AK  =  PBA 
anCiCK~-i%o°—{PBA+CA'),  that  is  the  sines  and  cosines  of 
these  angles  may  be  substituted  for  those  of  the  arcs  in  any  of  the 
formulae  above. 
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To  Find  the  Arc  Joining  two  Poles,  /"and/*. 
Proceed  as  in  triclinic,  p.  390. 

ORTHORHOMBIC  SYSTEM. 
All  forms  in  this  system  must 
be  referable  to  three  nonequiva- 
lent  axes.  Fig.  70,  at  right  angles 
to  each  other.  The  three  axes 
are  physically  of  equal  impor- 
tance, any  one  may  be  chosen  as 

c,  the  vertical ;  the  longer  of  the  

other  two  will  be  the  macro  or  ^  ^ 

axis ;  the  shorter  axis  (from  front 
to  backj  the  brachy  or  a  axis. 
There  are  as  many  series  of  forms 
possible    as   there   are    irrational 

Fio.  70. 

6.  Class  of  the  Rhombic  Bisphenoid. 

With  three  axes  of  binary  symmetry  at  right  angles  to  each 

other.    As  shown  in  the  projection,  Fig.  71.  four  faces  satisfy  the 

symmetry  of  the  most  general  form  or  Rhombic  Bisphenoid,  Fig. 

72.     Example Epsomite. 


^ 


■•^, 

V, 

Fig.  ji.  Fig.  72. 

7.  Class  ot  the  Rhombic  Pvramid. 
With  two  planes  of  symmetry  perpendicular  to  each  other  and 
intersecting  in  an  axis  of  binary  symmetry.  As  shown  in  the  pro- 
jection. Fig.  73,  four  faces  satisfy  the  symmetry  of  the  most  gen- 
eral form  or  Rhombic  Pyramid,  Fig.  74.  Examples. — Calamine, 
fltruvite. 

•  Sloiy-Hukelyne's  CryslaUngrapAy.'p.  Aita:nAGTaih't  FAyi.  Xtyit.,p,  578. 
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Fic  73. 


8.  Class  of  the  Rhombic  Bipvelahid. 
.  With  three  planes  of  symmetry  at  right  angles  to  each  other 
which  intersect  in  three  axes  ot  binary  symmetry.  These  are 
shown  in  Fig.  75,  and  the  planes  divide  space  into  eight  octants, 
shown  in  projection.  Fig.  76,  as  four  trirectangular  spherical  tri- 
angles. 

Any  upper  face  corresponding  to  a  pole  X  in  the  projection 
would,  by  rotation  of  1 80°  around  theverticalbinary  axis,  coincide 
with  an  upper  face  in  the  alternate  octant,  these  reflected  in  the' 
vertical  symmetry  planes  coincide  with  two  other  upper  faces  and 
the  four  reflected  in  the  horizontal  plane  coincide  with  four  lower 
planes  the  poles  of  which  are  marked  by  circles.  Since  k,  k  and  / 
retain  a  constant  order,  there  can  be  sign  permutations  only  cor- 
responding to  one  plane  in  each  octant 

The  symmetry  of  the  class  is  therefore  satisfled  by  eight  faces 
for  the  most  general  form  or  Rhomb:c  Bipyramid,  Fig.  ^J^  Ex- 
amples.— Aragonite,  marcasite,  barite. 


There  may  be  Taxaj  difierent  pyramids  in  ti  « 
•taxj  be  all  equal,  axiy  [wo  eqanl  or  all  unequal. 


%  with  nUioiuil  indices  U/ whldL 
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The  Six  Limit  Fokms. 

In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  faces  of  the  general  form.  These  may  be  tabu- 
lated as  follows : 


Folllloa  oT  Any  Fnu  aad  lu  Pole. 


»i.! 


3.  Parallel  to  a  and  c.  .   , 

Poles  are  at  intenectioos 
of  i  axis  and  primiiive 


3,  Parallel  to  i  and  e ,   , 

Foleiare  at  iDtersectiom  of 
a  axil  and  primiiive 


5.  Parallel  to  i.    Polei  are  on 


Basal  Pinacoid,  Fig.  78, 
Basal  Plane. 
ooe  face  of  Fig  78. 


DoMB,  Fig.  S4. 
Prism,  Fiv.  Sa. 
(Macro  Dome). 
Doue,  Fig.  85. 


Fig.  79. 

-      I 

Fig 

.  80. 

IiA 

>-0 

--■^ 

/ 

;,-«-.'. 

ijzn.. 

vrzT^/ 

! T 

Fig   8a. 
Limit  Forms  of  Class  8. 


"  To  obtain  tjpe  symbols. 
Aojr  ma;  become  mfo. 


The  order  is  invariably  lU/ with  relerence  to 
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Fig,  84.  Fio.  85. 

Other  Likit  Forms  which  are  New  Shapes. 

Projection  Xnd  Calculation  of  Orthoruohbic  Forms. 
The  pinacoid  (001)  is  usually  selected  as  the  plane  of  projection. 
The  poles  are  as  in  the  table  and  their  exact  positions  usually  re- 
sult from  the  intersections  of  knowD  zones  or  by  Problem  3,  p.  286. 
It  is  sometimes  convenient  to  calculate  the  position  of  a  plane 
(^to)  corresponding  to  the  plane  (Ai^/),  lay  off  this  on  the  primitive 
circle  thus  determining  the  zone  \kkO  001]. 

GlLCULATIOH  OF   ELEMENTS. 

The  interaxial  angles  are  all  right  angles. 
In  the  spherical  triangle  rst,  /■=  90°,  r=ahkl:  oio,  s  ^  hkl:  lOO 
Substituting  in  formula  p.  394. 


cos  ira 


OL 


OL 

'  oh' 


a^OH.h,  b  =  OK.k,  c=m.OL.l. 

=  tan  J^  (100:  iTo) and  ^  —  tan  J^  (oil  :  oTi) 

=  a  tan  54  (lOi  :Toi). 


D.g.tizecbvGoOgIC 


CHARACTERS  OF  CRYSTALS. 
General  Equation  Between  Axes  and  Indices. 


To  Determine*  any  Pole  P. 

<MPA ~^  cos  PAJi-^cosFAC-- 


mlPB-^rCxyaPBC-^rOX.PBA 


lb  ht  i  vWHSP 

-X-  COS  PCS  — j^^- 

fc  '  •/S'If+a'e 

.^.t^nPAB-^ 
la  kc 

For  Unit  Plane  0 

a'.d-.czosOB  cos  OC" :  cos  OC  cos  0^:  cos  OA  cos  (?5. 

To  Find  the  Arc  Joining  anv  Two  Poles  Fand  P' 

Let  5  denote  ^^c»  +  &t?t^  +  /»a»<5»,  5'  a  similar  quantity  from 
indices  V^P  of  second  pole. 

cos  PP'  =. ^ — ~ ^T= ^ ■ 

If  P'  —  A.  B,  C,  H.KoxL  of  Fig.  87 

cos/M-sin/W-^.    cosPB=smPK^~, 

__       .    „r       ^"* 
cos  /t  =  sin  PL  =  . — r_ 

If  /*'  is  a  &ce  of  the  same  form  f 

^  -       a     I 

tan  flf.^  -  _^-  a ;  tan  J  (A*/) :  (&il)  -  -  ■  ^  cos  /f^ 

sin  I  {/ikl)  :  {kkl)  =  cos  \  (kkl) :  (Akl)  ■  cos  PCA 

sin  I  (A>&/) ;  (hkl)  =  cos  ^  (hkl)  :  (AiJ)  sin  iC4. 

Tangent  relation  between  hkl^  P,  and  K¥l^  P'  which  lie  in 

a  zone  with  A,  B  or  C. 
y_    tanPM     ^     {* ,  ^  taji/"5     /'     A'  _  /'    tan F'C    A*     -f 
h  '  tan /M  ■" ;fe" " /  '  i   tan/'^" ""/"a  '  /  '  tan/1C"A  "-f 

"  Hiller'*  Cryitallegrafhy,  p.  79,  and  Stocy-Mukelyoe's  Cryilallografhy,  p.  443. 
f  Grotii,  /Hy*.  A'jyrA,  p.  574, 
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TETRAGONAL  SYSTEM. 

All  forms  of  this  system  must 
be   referable  to   two   equivalent 
■  axes,  a,  at  90°  to   each  other, 
^ Fig.  88,  and  the  axis  c,  conven- 
tionally vertical,  at  90°  to  both. 
The  forms  possible  on  crystals 
of  the  same  substance  can  all  be 


FKk  88. 


referred  to  one  value  of  - 


9.  Class  of  the  TwrnD  Order  Bisphekoid. 
With  composite  symmetry  to  a  quaternary  axis  and  a  plane  at 
right  angles  thereto.  As  shown  in  the  projection,  Fig.  89,  four 
faces  satisfy  the  symmetry  for  the  most  general  form  or  Tetra- 
gonal BisPMENOiD  OF  Third  Ordek,  Fig.  90.  No  examples  are 
known. 


Fjc.  89.  Fig.  90. 

10.  Class  of  the  Tetragonal  Pyramid  of  Third  Order. 

With  one  axis  of  quaternary  symmetry.   '  As  shown  in  the  stere- 

ographic  projection.  Fig.  91 ,  four  faces  satisly  the  symmetry  for 

the  most  general  form  or  Tetragonal  Pyramid  of  Third  Order. 

Fig.  92.    Example. — ^Wulfenite. 
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II,  ScALENOHEDRAL  Class. 
With  two  planes  of  symmetry  at  right  angles  to  each  other  and 
intersecting  in  an  axis  of  quaternary  symmetry.  Also  two  axes 
of  binary  symmetry  midway  between  the  planes.  As  shown  in 
the  projection.  Fig.  93,  eight  faces  satisfy  the  symmetry  for  the 
most  general  form  or  Scalenohedroh,  Fig.  94.  Example. — Chal- 
copyrite. 


FIG.  93. 


Fig.  94. 


12.  Trapezohedral  Class. 
Without  planes  of  symmetry,  but  with  the  five  axes  of  Class  15, 
As  shown  in  the  projection.  Fig.  95,  eight  faces  satisfy  the  sym- 
metry for  the  most  general  form  or  Trapezohedron,  Fig.j96. 
Example.— Nickel  sulphate,  NiS0«.6H,0. 


Fic.  9S- 


Fio.  96. 


1 3.  Class  of  the  Tetragonal  Bipyrauid  of  Third  Order. 
With  one  horizontal  plane  of  symmetry  and  one  vertical  axis  of 
quaternary  symmetry.     As  shown  in  the  projection.  Fig.  97,  eight 
faces  satisfy  the  symmetry  for  the  most  general  form  or  Tetra- 
gonal Bipyrahid  of  Third  Order,  Fig,  98.  Example. — Scheelite. 
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Fio.  97. 


Fio.  98. 


14,  Class  of  the  Ditetragonal  Pyramid. 
With  four  vertical  planes  of  symmetry  intersecting  in  an  axis  of 
quaternary  symmetry.  As  shown  in  the  projection.  Fig.  99,  the 
essentia]  change  from  Class  1 5  is  the  omission  of  the  plane  of  sym- 
metry normal  to  the  quaternary  axis.  The  general  form  is  there- 
fore geometrically  like  the  upper  or  lower  half  of  Fig.  103.  Fig. 
100  "shows  the  six-faced  most  general  form  or  Ditetragonal 
Pyramid,     Example, — Silver  fluoride,  AgF.HjO, 


Fio,  99.  Fia  loa 

15.  Class  OF  THE  Ditetragonal  BiPYRAMiD. 

With  four  planes  of  symmetry  at  45"  to  each  other,  which  inter- 
sect in  an  axis  of  quaternary  symmetry,  and  one  plane  normal  to 
these  which  intersects  the  four  planes  in  axes  of  binary  symmetry. 

The  planes  divide  space  into  sixteen  sections.  Fig,  lOl  shown 
in  the  projection,  Fig.  102,  as  eight  birectangular  spherical  tri- 
angles with  angles  at  the  center  of  45°.  Any  upper  face  corre- 
sponding to  a  pole  X,  by  rotations  of  90°  coincides  successively 
with  three  other  upper  faces.  These  four  reflected  in  a  vertical 
plane  coincide  with  four  others  and  the  eight  reflected  in  a  hori- 
zontal plane  coincide  with  eight  lower  faces  marked  with  a  circle. 
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Fia  103. 


Since  /  remains  with  the  third  axis,  the  letter  permutations  are 
only  hklAnA  khl.  Each  of  these  is  subject  to  eight  permutations  in 
sign +  +  +  .+-+, +  ,-  +  +  ,+  +  _,+ , ,-  +  -. 

Both  symmetry  and  permutations  show  that  there  must  be  in 
this  class  sixteen  faces  in  the  most  general  form  or  Ditetragonal 
BiPVBAMiD  Fig.  103.     Examples. — Zircon,  cassiterite,  rutile. 

Limit  Forms  of  Class  ij. 


c±> 
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The  Sjx  Limit  Forms. 
In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  faces  of  the  general  form.    These  may  be  tabulated 
as  follows: 


Pniilon  of  mar  face  >>>d  IH 


I.  Intellects  the  vertical 
axil  Mid  ii  panllel  to 
both  bual  axe*.  Polei 
are    projected   at     the 

1.  Iittenecti  the  rertical 
axil  and  U  parallel  to 
one  basal  axil.  Polei 
are  on  axiat  diametera. 


3,  Intenectt  the  vertical 
axis  and  ii  equallr  in- 
clined to  both  bwal 
axei.  Fol«  are  on  dl- 
i^nal  dianeten. 


4.  Parallel  to  the  *ertic>l 

axil  and   to   one  baal 
axil.    Polei  are  at  lnt«[- 

de  and  axial  diuneteii. 

5.  Fanillel  to  the  vertical 
axil  and  equally  inclined 
to  the  balal  BxCL   Folei 

primitive  circle  and  di- 
agonal diameten. 

6.  Parallel  to  the  vertical 
axis  and  nneqaally  in- 
clioed  to  the  basal  axei. 
Polei  are  on  the  prin^- 
tive  circle. 


Basal  Pinacoio,  Fig. '  15,—,  13, 
"4.— >■ 


104. 


\k^l\ 


\kkl\ 


J.ioi 


:^i 


Basal  Plani,  one  &ce 

of  Fig.  104. 
Tbtragokal  Bipvra- 

HiD,  SccoHD  Older, 

TbTI  AGONAL  PYRAM1I>, 

5ecoki>  Orubr,  Fig. 

113. 
Tetragonal   Bisphb. 

NoiD,    Second   Or.  ' 

DEK,  Fig.  1 1 1. 
Trr« AGONAL    Bipvra- 

MID,    First  Okdbr, 

TrrnAooNAL  Pyrami  d. 

First   Ori>ek,   Fig. 

114. 
Tetragonal  Bkphb- 

MOID,  First  Okdek, 

Fig.  no. 
Tetragonal     Prism, 

Second  Obdbr,  Fig. 
107. 


DlTBTRAOCMUL  PRISM, 

Fig.  109. 
Tetragonal     Prism, 

Third  Order,  Fig. 


—,14.—,—,—,  10.- 


—,14,—,—,—,  10,—. 
—,—.—,— .—,—.9. 

'S.— .«3.'a.— .~.— 
— ,  14.— ,— ,— ■  10,—. 

15.14.13>>>>>!.  >o,9' 
■  5>>4>'3>>^». 'Oig- 
iSiM.— >ia.;ii,;— >-. 
— .— .13.— .1— . '0.9- 


*  The  first  and  lecond  indicei  will  be  h  and  k  or  both  k  [f  equal,  or  i«  if  the  bee 
1*  panllel  to  one  haul  axis.  The  third  lymbol  will  be  1  or  «  ai  the  bee  intersecti  or 
is  parallel  to  the  vertical  axis.    These  muit  be  reduced  to  linpleit  form. 
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Limit  Forms  of  Class  15. 


Fig.  iia. 

Other  Limit 

Forms  which 

ARE  New 

Shapes. 


Fki.  113.  Fig.  114. 

Projection  and  Calculation  of  Tetragonal  Forms. 
The  basal  pinacoid  is  usually  selected  as  the  plane  of  projec- 
tion, the  poles  lying  as  stated  in  the  table.    On  p.  287,  Fig.  36,  is 
described  the  projection  of  the  poles  of  a  crystal  of  cassiterite. 
Determination  of  Elements. 

In  Fie.  86,  cos  *■—  -. —  and  rrrr  —  cot/r.  t^«»  OL./ 
^  sinr        OH 

Also  in  Fig.  115  if  AA/— F. 

<r  =-  ten  FC  cos  45"  —  ten  KC 

sin  KC  —  tan  KF  cot  4S 


c  —  — -  ..-  tan  PC 

To  Determine  Position  of  any 
Pole*  P. 

cot  PA  =-  ten  PH  =  J  cos  PAB 

he         _ .  _  ck 

«    ,~   cos  PAC  =■         ,  ■      -_r-^ 

la  Vc'/^+aV* 


'i  Crytlalltgrafky,  p.  44,  Story-Maskelyne's  CrytlalUgraphy,  p.  449^ 
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cot  PC  =  tan  PL  = 


THE  QUARTERLY. 


■  cos  PCA  — -J- -  cos  PCB  = 


la 


General  Equation  Betuxen  Axes  and  Indices. 
%  cos  PA  =  ^  cos  PB  =  y  cos  P. 


Formula  for  Angle  Between  Two  Planes. 


cos  PP'~^^      —r-~=^L 


F^rmulaE  for  angle  between  two  faces  of  same  form  are  as  on 
P-  399- 
Angle  P'C  When  PC  Known 


HEXAGONAL  SYSTEM. 
All  forms  in  this  system  must  be  referable  to  three  equivalent 
axes  a  in  one  plane  at  60°  to  each  other  and  a  fourth  axis  c  nor- 
mal to  these,  conventionally  placed  vertically.    Fig.  116. 

The  system  comprises  two  grand 
divisions.  The  Hexagonal  division 
with  five  classes  in  which  the  fourth 
axis  is  an  axis  of  senary  symmetiy. 
The  Rhombohedral  division  with 
-  seven  classes  in  which  this  axis  is 
'  an  axis  of  ternary  symmetry. 

The  vertical  and  basal  axes  being 
non-equivalent,   the    ratio    of   the 

^^'^  '  '^'  parameters  -  is  always  an  irrational 

number  and  for  each  different  ratio  a  difTerent  series  of  forms 
exists,  one  series  only  being  capable  of  occurrence  on  the  crystals 
of  the  same  substance. 
^   The  basal  axes  are  most  conveniently  considered  in  the  order  of 
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tbe  figure,  for  then"  the  third  index  is  always  the  algebraic  sum  of 
the  first  and  second. 

THE  RHOMBOHEDRAL  DIVISION. 
16.  Class  of  the  Trigonal  Pyramid  op  Third  Order. 
Without  planes  of  symmetry,  but  with  an  axis  of  ternary  sym- 
metry. As  shown  in  projection.  Fig.  117,  the  symmetry  is  satis- 
fied by  three  faces  for  the  general  form,  or  Trigonal  Pyramid 
OF  Third  Order,  Fig.  118.  Examples. — Sodium  periodate 
NaI0,.3H,0. 


/ 

Fig.  117.  Fig.  118, 

17.  Cij^ss  OF  Rhombohedron  of  the  Third  Order. 
With  composite  symmetry  to  a  ternary  axis  and  a  plane  at  right 
angles  thereto.  As  shown  in  the  stereographic  projection,  Fig. 
119,  the  symmetry  is  satisfied  by  six  faces  for  the  most  general 
form  or  Rhombohedron  of  the  Third  Order,  Fig.  120.  Ex- 
amples.— Dioptase,  phenacite. 


/V/ 


18.  Class  of  the  Trigonal  Trafezohedron. 

Without  planes  of  symmetry,  but  with  the  four  axes  of  sym- 
metry of  Class  22.  As  shown  in  projection,  Fig.  121,  the  sym- 
metry is  satisfied  by  six  planes  for  the  general  form,  or  Trigonal 
Trafezohedron,  Fig.  122.     Examples, — Quartz,  cinnabar. 

'Sinple  proof  in  BKaennan's  Systematic  Minenttogy,  p.  76. 
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Kt 


V 


Fig.  I 


19.  Class  of  the  Trigonal  Bipyramid  of  Third  Order. 
With  one  plane  of  symmetry  at  right  angles  to  the  axis  of  ter- 
nary symmetry.  As  shown  in  the  projection.  Fig.  1 23,  the  sym- 
metry is  satisfied  by  six  planes  for  the  most  general  form,  or  Tri- 
gonal Bipyramid  of  Third  Order,  Fig.  124.  No  examples  are 
known. 


KiG.  133.  Fig.  114- 

20.  Class  of  the  Ditrigonal  Pyramid. 
With  three  planes  of  symmetry  at  60°  to  each  other  which  in- 
tersect in  the  axis  of  ternary  symmetry.  These  forms  are  geomet- 
rically the  upper  or  lower  halves  of  those  of  Qass  22.  As  shown 
in  projection,  Fig.  125,  the  symmetry  is  satisfied  by  six  planes 
for  the  most  general  form,  or  Ditrigonal  Pyramid,  Fig.  126. 
Example. — Tourmaline,  proustite,  pyrargyrite. 


Fig.  115.  Fio.  ti6. 

21.  Class  of  the  Ditrigonal  Scalehohedron. 

With  three  planes  of  symmetry  at  60*  to  each  other  and  intei^ 

secting  in  an  axis  of  ternary  symmetry,  and  three  axesof  binaiy 
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symmetry  bisecting  the  angles  between  the  planes.  As  shown  in 
projection,  Fig.  127,  the  symmetry  is  satisfied  by  twelve  faces  for 
the  most  general  form,  or  Ditrigonal  Scalenohedron,  Fig.  128. 
ExAUPLES. — Calcite,  hematite,  corundum. 


22.    C1.ASS  OF  THE  DiTRIGONAL  BifYRAMID. 

With  three  planes  of  symmetry  at  60°  to  each  other  which  in- 
tersect in  an  axis  of  ternary  symmetry  and  one  plane  normal  to 
these  which  intersects  the  others  in  axes  of  binary  symmetry. 
The  planes.  Fig.  1 29,  divide  space  into  twelve  equal  parts,  shown 
in  projection,  Fig.  130,  as  six  birectangular  spherical  triangles 
with  angles  at  the  center  60°. 

Any  upper  face,  corresponding  to  a  pole  X  in  one  of  the  tri- 
angles, would  by  rotations  of  120"  around  the  ternary  axis  coin- 
cide with  two  other  upper  faces.  Each  of  these  by  reflection  in 
a  vertical  plane  of  symmetry  coincides  with  another  face  and 
the  six  by  reflection  in  the  horizontal  plane  of  symmetry  coincide 
with  six  lower  faces,  the  poles  of  which  are  indicated  by  circles. 

The  symmetry  of  the  class  is  satisfied  by  twelve  faces  for  the 
most  general  form  or  Ditrigonal  Bipyrauid,  Fig.  131,  No  ex- 
amples are  known. 
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The  Six  Limit  Forms. 
In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  faces  of  the  general  form.    These  may  be  tabu- 
lated as  follows : 


•"pT-" 


3.  Oblique  to  Ihe  vertical 
Rxis  but  pinUel  la  one 
bual  axis.  Poles  are  on 
the  inteiaiial  diameten. 


3.  Oblique  to  the  vertical 
axis  and  equally  iuclined 
to  alternate  .basal  axes. 
Poles  are  oa  the  azet. 


4.  Parallel  to  the  vertical 
axia  and  to  one  baial 
axis.  Poles  are  at  inter- 
sections of  primitive  cir- 
cle   and    interaxial  di- 

5.  Parallel  to  the  vertical 
axis  and  eqnally  inclined 
to  alternate  bual  axes. 
Poles  are  at  intercections 
of   axes   and   primitive 

6.  Parallel  (0  the  vertical 
and  unequally  inclined  to 
all  basal  axes.  Poles  are 
on  primilive  circle. 


joooij 


Basal  Fihacoid,  Fig. 

'S3. 
Basal  PLAHE,one  plane 

ofF^.  153. 
Trigonal  Bipvkamid 

Fmsr    ORDn,    Fig. 

'3a- 
Rhohbohbdron  First 

Ordkk,  Fig.  135. 
Trigonal  PrtiAKtD 

First   Order,   F!g. 

■36. 
Hexagonal    Bifvra- 

uiD  Second  Order, 

Fig.  ISS- 
Hexagonal  Pyramid 

Second  Ordui,  Fig. 

160. 


11,— ,19, 18,17,— 

—,X>r—,—,—,\fi. 

M.— ,— ,19.— ,— .-. 

ai,— ,— ,  i8,.i7,^ 

—I r  *>.— t  — .  — .  16. 


j  loToJ 


Rhombchedron    Sec- 

OKDORDRR.Fig.  140. 

Trigonal     Pvramid 

Second  Order,  Fig, 

141. 
Trigonal  Prism  First 

Order,  Fig.  133.     - 
Hexagonal    Prism 

First    Order,    Kg, 

156. 


jWSij 


;  DrrRicoNAL  Prism, 
I     Fig.  134. 

DiH  EX  AGONAL  Prism, 

Fig.  ijS. 
Trigonal       Prism 

Third  Order,  Fig, 


which  tin  hm 


—.—,—,— ,—,—,16. 

aa.3i,«)ii9,— ,— ,16. 
_,  18, 17,-. 


—,—,—,19,— ,—,16. 
aa,— ,30,— ,81,— ,;— 

,31,—,—,—,—,—. 

,— .— .>9.— i— .16^ 


*!jee  (botnoie  under  hexagonal  division,  p.  414. 
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Limit  Forms  in  Rhombohedral  Division 

WHICH  ARE  Geometrically  Shapes 

not  ihxluded  in  hexagonal 

Division. 
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THE  HEXAGONAL  DIVISION. 
23.  Class  of  the  Third  Order  Hexagonal  Pyramid. 
Without  plaaes  of  symmetry  but  with  one  axis  of  senary  sym- 
metry.    As  shown  in  the  projection,  Fig.   142,  six  planes  satisfy 
the  symmetry  of  the  most  general  form  or  Hexagonal  Pyramid 
OF  Third  Order,  Fig.  143.    Example. — Nephelite. 


\J 


FiG.  141.  Fto.  143. 

24.  Ci-Ass  OF  THE  Hexagonal  Trapezohedron. 
Without  planes  of  symmetry  but  with  the  seven  axes  of  Class 
27.    As  shown  in  projection,  Fig.  144,  twelve  faces  satisfy  the 
symmetry  for  the  most  general  form  or  Hexagonal  Trapezohe- 
dron, Fig.  145.    Example.— <SbO)sBaC,H«0,.KNOy 


Fig.  144-  F><^  '4S- 

25.  Class  of  the  Third  Order  Hexagonal  Bipyrahid. 
With  one  plane  of  symmetry  normal  to  the  axis  of  senary  sym- 
metry.    As  shown  in  projection,  F^.  146,  twelve  laces  satisfy  the 
symmetry  for  the  most  general  form  or  Hexagonal  Bipyrahid  of 
Third  Order,  Fig.  147.    Example. — Apatite,  pyromorphite. 


itizc-ctyGoogle 
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36.  Class  of  the  Dihexagonal  Pyramid. 
With  six  planes  of  symmetry  at  30°  to  each  other  and  intersec- 
ting in  the  axis  of  senary  symmetry.  From  the  projection,  Fig. 
148,  it  is  evident  that  the  general  form,  Fig.  149,  or  Dihexagonal 
Pyrauid,  Fig,  149,  is  geometrically  the  upper  (or  lower)  half  of 
the  general  form,  Fig.  152,  of  the  next  class. 


no.  148.  Fia.  149. 

27.  Class  of  the  Dehexagonal  Bipyramiu. 
With  seven  planes  of  symmetry,  six  being  normal  to  the  seventh 
and  at  30°  to  each  other  as  shown  in  Fig.  1 50.  The  common 
intersection  of  six  planes  of  symmetry  is  the  axis  of  senary  sym- 
metry and^their  intersections  with  the  seventh  are  axes  of  binary 
symmetry. 


Fic.  150. 


FiJ.   151. 


In  projection,  Fig,  151,  the  planes  of  symmetry  form  twelve 
equal  birectangular  spherical  triangles  with  angles  at  the  centre, 
30°.  Any  upper  face,  with  a  pole  marked  x ,  by  rotations  of  60° 
around  the  senary  axis  coincides  successively  with  five  other  upper 
faces  represented  by  crosses  in  the  alternate  triangles.  Each 
of  the  six  reflected  in  a  vertical  plane  of  symmetry  coincides 
with  another  face  and  the  twelve  reflected  in  the  horizontal 
plane  coincide  with  twelve  lower  faces  represented  by  circles. 
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The  letter  permatatioas  of  the  general  symbol  (AM),  in  which  i 
always  must  remain  in  fourth  'place,  are  hkU,  hlki,  kfUi,  klhi,  UUd, 

ikki,  and  each  may  have  four  sign  permtitations,  -fH y, J-+. 

+  + and 1 —  or  twenty-four  permutations  in  all.  Pro- 
jection and  permutation  both  show  that  the  symmetry  of  the  class 
is  satisfied  by  twenty-four  faces  for  the  most  general  form  or  Di- 

HEXAGONAL  BlPVRAMID,  Fig.  I52.      EXAMPLE. — Beryl. 

The  Six  Liuit  Fords. 
In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  faces  of  the  general  form.    These  may  be  tabu- 
lated as  follows : 

PwHioa  of  uy  F.M  u>i  l»  Pelt       Synbot*  I  Nam*  of  Frnin.  \  Sf^hri"^. 


3.  Oblique  to  tlie  vertictl  axis 
but  parallel  to  oat  basal  axil.  I 
Fol«s  are  od  the  inteiaxial 

diamelcn.  ' 

3.  Oblique  to  the  vertical  axii 
and  equally  inclined  to  alter-  < 
nate  basal  axes.     Poles  are  1 


4.  F^Tallet  to  Ihe  vertical  axis 
and  t^-^tw  basal  axis.  Polct 
are  at  intmections  of  primi- 
tive circle  1*4  isleraxial  di- 


I  Basal  Pikacoid,  Fig.  153.  I27, — ,35,14,— 
Basal  Plane,  one  planeof , — ,36, — , — ,Z^ 
'    F"*"S3- 

J4o]t>j    Hexagonal     Bipyrahid |z7, — ,35,24,— • 
I    First  Or  HER,  Fig.  154. 
Hexacunal        PvRAMiDj— ,36, — ,— .aj. 
I    First  Ordbk,  Fig.  159. 

iWiiij.HaxAGoNAL     BiPVRAwiDuy,— ,35,24,— . 
j    Second  Or nER,  Fig.  15J.' 
I  HexagokalPvramidSec-i — ,36, — , — ,33. 

i      ONDOnDEK.Fig.  i6a         I 


and  primitive  circle.  1 

6.  Parallel  to  Ihe  vertical  bat    l:^.(/o|    Dihexagohal  PRtSM,  Fig.  Il7,«6,- 
unequalljr    inclined    to    all  .'     15!!.  1 

basataxes.     Poles  are  on  the  1  \     ,HexaconalPrishThird — , — ,3; 

primitive  circle,  1  .        Order,  Fig.  161.  1 


*  In  [he  type  symbols  the  first  and 
the  laces  to  the  alternate  basal  axes, 
if  parallel  to  one  io.     The  third  index 
with  tlie  opposite  sign. 


indices  relate  to  the  relative  inclinatioD  of 
:]uall7  inclined  Ak,  if  ei|aally  inclined  ii, 
the  algebraic  sum  of  the  first  and  second 
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Fig.  157. 
Limit  Forms  of  Class  27. 


Fig.  159.  Fig.  160. 

Limit  Forms  Geometrically  New  in  the 

Other  Classes. 

Fig.  161. 

Projection  and  Calculation  of  Hexagonal  and  Rhohbome- 
DRAL  Forms. 

The  basal  pmacoid  is  the  plane  of  projection.    The  position  of 
the  poles  are  as  in  the  tables,  pp.  410  and  414. 

The  indices  of  a  face  truncating  an  edge  of  any  form  are  the 
sum  of  the  indices  of  the  faces  forming  the  edge,  for  example,  the 
edge  between  loil  andoiii  is  truncated  by  1122. 
The  Zonal  Relations 

Are  calculated  from  three  indices  of  which  one  must  relate  to 
the  vertical  axis.    For  instance,  by  method  of  cross  multiplication 
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the  zone  indices  of  the  planes  kkii,  h'l^Si  will  be  determined  by  kki 
and  h'lei  :  u  =  -tr'  —  (^,  v  =  (A'  -  M,  vf^hff  -  kh'. 
Determination  of  Elements. 

Two  equal  basal  axes  at  120°  to  each  other  and  at  right  angles 
to  the  vertical  are  sufficient.  In  Fig.  1 1 1  the  spherical  triangle  nt 
has  t  =  120°. 


cos  s  +  yi  cos  r 


Jsinrv''3 

A 
tan  (0001)  1(1 122)—  T^ 


OL 
cot  fr  —  TiTj;  c  »  OL.i 


-OS' 


4JOIO 


Fig.  161.  ric.  163. 

To  Determine  the  Position  of  any  Pole  P. 
Using  notation  of  Fig.  163  and  denoting  by  M  the  quantity 


^3'''+4'^(A'  +  'P  +  A>) 


cos  PA  ^'^'^'-^/l  cos  PB 


~M 


djt  +  2*) 


cos/r-— . 


M 


c(i-A) 


M 


To  Find  the  Arc  Joining  two  Poles  P  and  /*. 

DC/      y^+2^('»'^  +  ^f^  +  2M'  +  2i^) 
cos  /-^  =  -  -      ■^^^, 

Tangent  Principle. 

J     tan/'C      -&       A 
t'  'ua'P'C^P"  A' 
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THE  ISOMETRIC  SYSTEM. 

All  forms  in  this  system  must  be  referrable  to  three  equivalent 

axes  at  right  angles  to  each  other.    The  system  includes  five 


28.  Class  op  the  Tetartoid. 

The  fonns  have  seven  axes  of  symmetry  but  no  planes  of 
symmetry.  Three  of  the  axes  are  binary  normal  to  the  faces  of 
the  hexahedron  and  four  are  ternary  through  diagonally  opposite 
solid  angles  of  the  hexahedron. 

As  shown  in  the  projection  Fig.  164,  twelve  faces  in  each  alter- 
nate octant  satisfy  the  symmetry  for  the  moat  general  form  or 
TETARTOID,  Fig.  165,    EXAMPLES — Sodic  chlorate,  baric  nitrate. 


^<7i^> 


Fig.  164. 


Fig.  165. 


29.  Class  of  the  Gyroid. 
Without  planes  of  symmetry  but  with  all  the  axes  of  symmetry 
of  class  32.  As  shown  in  the  projection  Fig.  i66,  twenty-four 
fiices,  three  in  each  octant,  satisfy  the  symmetry  for  the  most  gen- 
eral form  *  or  Gvroid,  Figs.  168  and  167.  Examples. — Halite, 
sylvite,  cuprite. 


•The  right  form,  Kg.  168,  ■nd  the  lefl  twin,  fig.  167,  are  CMnlinorphic,  that  is, 
tbdf  elemcMs  sre  eqn&l  and  the  beet  of  the  one  are  parallel  bnt  oppodtel;  placed 
with  respect  to  those  of  the  other. 
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30.  Class  of  the  Diploid. 

The  forms  have  three  cubic  planes  of  symmetry,  the  intersec- 
tion of  these  are  three  axes  of  binary  symmetry  and  there  are  four 
diagonal  axes  of  ternary  symmetry. 

As  shown  by  the  projection.  Fig.  169,  the  symmetry  of  the  ' 
class  is  satisfied  by  twenty-four  faces  for  the  most  general  form  or 
Diploid,  Figs.  170  and  171.     Examples— Pyrite,  smaltite,  cobal- 
tite. 


(^ 

'iX~\ 

^ 

w 

Fic.   169. 


31.  Class  of  the  Hextetrahedron. 

The  forms  *  have  the  six  dodecahedral  planes  of  symmetry  of 
Class  32  and  the  seven  axes  of  symmetry  formed  by  their  intersec- 
tion.    Of  the  latter,  four  are  ternary  and  three  binary. 

As  shown  in  the  projection,  Fig.  172,  the  symmetry  of  this 
class  is  satisfied  by  twenty-four  faces  for  the  most  general  form  or 
Hextetrahedron,  Figs.  173  and  174.  Examples. — Sphalerite, 
tetrahedrite,  diamond. 


Fir.  173. 


Fio.  173. 


32.  Class  of  the  Hexoctahedron, 

The  forms  of  this  class  have  three  planes  of  symmetry  parallel 

to  the  faces  of  the  cube  and  six  planes  of  symmetry  through  diag- 

*The  fanns  of  tUi  class  eiUt  in  pairs  which  are  said  to  be  fm^u/M/,  that  it  either 
by  a  revolutiaD  of  90°  about  ao  axis  may  brought  inlo  the  positEon  of  (he  glher.  They 
are  dislinguished  as  right  and  leh  fontu. 
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onally  opposite  edges  of  the  cube,  that  is  parallel  to  the  faces  of 
the  rhombic  dodecahedron  Fig.  181 . 


Fig.  175.  Fig.  176.  Fig.  177. 


The  intersections  of  these  planes  are  axes  of  symmetry;  three 
are  quatenary  the  intersections  of  the  planes  parallel  the  hexahe- 
dron; four  are  ternary,  each  the  intersections  of  three  diagonal 
planes ;  and  six  are  binary,  each  the  intersection  of  a  plane  of  each 
kind. 

These  planes  and  axes  of  symmetry  are  shown  in  stereographic 
projection.  Fig.  176. 

The  number  of  faces  in  the  most  general  form  may  be  deter- 
mined as  follows: — 

In  any  quadrant  the  pole  marked  I  of  a  face  in  the  upper  half 
of  the  crystal  by  rotations  of  120°  around  the  ternary  axis  must 
coincide  successively  with  faces  the  poles  of  which  are  j  and  3. 
These  three  by  reflection  in  the  planes  of  symmetry  must  coincide 
I  with  4,  2  with  s,  3  with  6.  Since  there  is  a  vertical  axis  of 
quaternary  symmetry  the  entire  quadrant  must  coincide  succes- 
sively pole  for  pole  with  the  second,  third  and  fourth  quadrants 
and  finally  the  resulting  24  faces  reflected  in  the  horizontal 
plane  of  symmetry  must  coincide  with  24  lower  faces.  That 
is,  the  form  must  consist  of  48  faces  with  a  pole  in  each  of  the 
right  spherical  triangles  made  by  the  planes  of  symmetry. 

This  result  could  also  be  reached  by  considering  the  possible 
permutations  of  letter  and  sign  in  the  symbol  of  the  general  form 
\kkl\.    The  letter  permutations  are: 

hkl.  hlk,  kih,  khl,  Ikh,  Ihk. 

Each  of  these  can  undergo  eight  permutations  in  sign  according 
to  the  octant  in  which  the  plane  occurs. 

Upper  octants  +  +  +,_  +  +, +,  +  _+, 

Lower  octants  +  H , i , ,  H , 


D.g.tizecbvGoOgle 


ThE  QUARTERLY. 


420 

or  48  permutations  in  all.  That  is  to  satisfy  the  symmetry  the 
most  general  form  or  Hexoctahedron,  Fig.  lyy,  must  consist  of 
4S  faces  six  in  each  octant.     Examples. — Garnet,  fluorite,  spinel. 

The  Six  Limit  Forms. 
In  each  class  there  are  six  limit  forms  corresponding  to  special 
positions  of  the  faces  of  the  general  form.     These  may  be  tabu- 
lated as  follows : 


P<»llloD  at  uy  Face. 


a.   Eqnrily  inclined  to  l«o  [i^/t 
axes,  more  neail;  ptnlle) ' '        > 
Ihe  (bird.     Poles  are  on  the  ' 
short  tides  of  triuigles. 

3,  Eqiudljt  inclined  to  two 
axes  I«ti  Dcarlir  panUel  the 
third.  Poles  are  on  hfpothe- 

4.  EquilljF  inclined  to  two 
BxeSipviUel  thelhird.  Polet 
at  veiliceE  of  riglit  anglei. 


Octahedron,  Rg.  178. 
Tetkahbdeon,  Fig.  184. 

Tkioonal  TttisixnrAHKDROK, 

Fig.  179. 
Tetraconal   Tristetrakb- 

DRON,  Fig.  185. 

TEfRACOKAL        TRISOCFAHB- 

DBOH,  fig.  18a. 
TRIG4DMAL  TRISTETRAHB- 

DRON,  Fig.  186. 


I  TeTR  A  HEXAHEDRON,  Fig.  iSa. 


3a,— ,30,  »<»,—. 

_,3,._,^a8. 

3a,— ,3^89,— . 
— .  31,— ,— ,a8. 


31,31,— ,39,— . 
— .— .30,— .aS. 


*  The  type  ijiiiboU  of  the  fomu  are  easily  obuined  without  direct  reference  to  the 
intercepts  by  noting  parallelinn  and  relative  neamesa  to  patsllelism  to  the  axes.  Zero 
being  the  lymbol  of  p«i«llelitm  and coaventionaUjt  k'^i'^t. 
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Tia.  183.  Fig,  183. 

Limit  Forms  of  Class  32. 


Limit  Forms  Geometrically  New  in 
THE  Other  Classes. 


Fig.  187. 


Projection  and  Calculation*  of  Isometric  Forms. 
The  forms  are  usually  projected  on  a  cubic  face  and  the  poles 
lie  as  stated  in  the  table,  the  positions  being  usually  found  by  zone 
intersections.  The  planes  of  symmetry  divide  space  into  forty- 
eight  similar  parts  each  shown  in  stereographic  projection  as  a 
right  triangle  in  which:  the  hypothenuse  (54°  44'),  is  the  angle 
between  a  binary  and  a  ternary  axis  ;  the  longer  side  (45°)  is  the 
half  angle  between  two  binary  axes;  the  shorter  side  (35°  16')  is 
the  half  angle  between  two  ternary  axes. 

Calculation  of  Elements. 
The  parameters  are  all  equal  and  the  angles  between  the  axes 


are  right  angles. 


}.  35;  Sloiy-Maikelync's  Crystallography,  p.  453. 
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General  Expression  of  Relation  Between  Angles  and  Indices. 
cos/VJ      cos  PB     cos  PC 
h      "      k      "      7 
To  Determine  Position  of  any  Pole, 

Adopting  notation  of  Fig.  i88  equations  become 

f,- /  i 

;\     ■•^^.  cot  CP~—;^- — ^•&ACP=-^  -,. 

i       \  \  XzTiBAP=p^iiCBP=-^ 

"'i<^' B^.  cos  PA  =  sin  PH=  -y-f,; 


/_.^^^o  cosfC-  sinPL=-^iri  which 

%.o.  188.  S -A* +£'  +  /' 

To  Find  the  Arc  Joining  /*=  Akl  and  P'  =.  A'i'/' 


PROFESSIONAL    DRAUGHTSMEN    AS    SPECIAL    STU- 
DENTS IN  THE  SCHOOL  OF  ARCHITECTURE. 

By  professor  WILUAM  R.  WARE. 

It  is  not  the  policy  of  the  Faculty  of  Applied  Science  to  en- 
courage the  attendance  of  special  students  in  the  schools  under  its 
charge.  The  catalogue  distinctly  says  that  their  presence  is  not  de- 
sired. Most  of  the  scientific  schools  in  this  country,  indeed,  and 
some  of  the  colleges,  allow  men,  who  are  not  qualified  or  who  do 
not  wish  to  follow  their  full  courses,  to  pursue  a  partial  course  ac- 
cording to  their  choice.  But  a  brief  experience  in  the  early  days 
of  the  School  of  Mines  convinced  its  managers  that  the  character 
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of  the  school  was  lowered  by  the  presence  of  men  who  were  in- 
competent to  follow  its  curriculum,  and  that  its  reputation  su^ered 
when  such  men  boasted  that  they  had  been  its  pupils.  The  School 
of  Mines,  accordingly,  and  the  Schools  of  Chemistry  and  of  En- 
gineering that  have  sprung  from  it,  admit  as  special  students  only 
men  who  have  already  graduated  in  a  college  or  scientific  school, 
extending  the  privilege  to  other  persons  only  when  they  are  of 
mature  age,  and  for  reasons  of  weight. 

The  School  of  Architecture  has  for  some  years  afTorded  an  ap- 
parent exception  to  this  rule,  having  even  while  a  department  in 
the  School  of  Mines  obtained  leave  to  try  the  experiment  of  ad- 
mitting professional  draughtsmen  to  the  school  as  special  students 
upon  the  same  footing  as  college  graduates. 

Half  a  dozen  years'  experience  has,  on  the  whole,  justified  this 
step.  During  this  period,  besides  eight  or  nine  college  men,  about 
ten  times  as  many  practicing  draughtsmen  have  presented  them- 
selves, nearly  half  of  whom  have  been  attracted  from  distant  parts 
of  the  country,  in  the  west  and  south.  A  fair  proportion  have 
proved  to  be  men  of  maturity  and  character,  sufficiently  practised 
in  drawing  and  design  to  take  up  our  current  work,  and  most  of 
them  have  possessed  sufficient  general  education  to  follow  with 
profit  the  instruction  in  history  and  ornament,  if  not  that  in  me- 
chanics and  engineering.  Three  or  four  have  found  time  to  re- 
view their  earlier  studies  and  presently  to  swing  into  line  as  regular 
students,  finally  taking  their  degree  in  due  course.  Others  have 
remained  a  longer  or  shorter  time,  according  as  their  means  held 
out,  some  staying  in  the  school  only  while  business  was  slack,  and 
returning  to  office  work  as  soon  as  opportunity  offered.  Though 
nominally  holding  the  status  of  university  or  post-graduate  stu- 
■dents,  and  ranking  accordingly  with  the  fourth  year  men,  all  whose 
work  is  of  a  post-graduate  character,  most  of  them  have  proved 
to  be  hardly  up  to  that  mark,  and  as  they  were  free  to  take  part 
in  whatever  was  going  on  that  best  suited  their  condition,  have 
taken  at  first  the  drawing  and  design  of  the  second  or  third  year, 
or  both  together,  advancing  to  the  fourth  year  work  as  time 
went  on. 

But  though  the  result  of  the  experiment  has  been  sufficiently 
satisfactory  to  warrant  its  continuance,  the  evils  which  the  School 
-of  Mines  so  much  dreaded  have  not  been  entirely  absent.  That 
nwn  who  have  been  thus  temporarily  under  instruction  should, 
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by  the  general  public,  be  confounded  with  the  men  who  have 
passed  our  tests  and  received  our  diploma,  is  indeed  unavoidable. 
It  is  inherent  in  the  situation.  It  is  one  of  the  evils  which  have 
to  be  borne  with  in  view  of  the  advantages  from  which  it  cannot 
be  separated.  But  alter  all  a  student  who  takes  only  part  of 
our  work  is  really  no  more  dangerous  to  our  reputation  than 
one  who  stays  through  only  part  of  the  course.  The  exclusion 
of  special  students  altogether  would  still  leave  us  at  the  mercy  of 
the  incompetent  and  unsuccessful  regulars,  comprising  about  two- 
thirds  of  all  that  enter,  who  fail  to  complete  the  course. 

The  other  evil,  that  of  bringing  inlo  the  school  an  inferior  class 
of  men,  though  more  serious  in  itself,  is  more  easily  dealt  with. 
We  soon  found  that  neither  a  college  degree  nor  three  or  four 
years  of  office  practice  was  any  guarantee  of  maturity  of  character 
or  of  serviceable  attainments.  A  number  of  the  men  admitted 
on  the  strength  of  these  credentials  proved  too  ignorant  or  too 
idle  to  be  profitable  company.  But  such  men,  even  if  they  can- 
not be  kept  out,  need  not  be  retained,  and  the  means  to  this  end 
which  we  have  finally  adopted  promise  to  be  efficient.  Hereafter 
no  draughtsman  will  be  admitted  as  a  special  student  who  is  not 
really  proficient  in  architectural  draughtsmanship  and  no  special 
student  will  be  permitted  to  stay  in  the  school  more  than  a  couple 
of  months  who  does  not  fulfil  all  the  requirements  exacted  of  the 
regular  students,  in  respect  of  regularity  and  efficiency,  in  an  emi- 
nent degree. 

Under  these  conditions  we  may  well  invite  professional  draughts- 
men to  come  to  us  and  they  may  well  come.  At  the  new  site  on 
Morningside  Heights,  the  New  York  Acropolis,  there  will  be 
plenty  of  room  for  them.  Our  quarters  in  Havemeyer  Hall  Will  be 
spacious,  clean  and  quiet,  and  they  will  command  views  out  of  the 
windows  of  some  of  the  most  delightful  prospects  in  the  world.  The 
special  advantages  that  the  school  offers  such  men  consist  mainly,  ol 
course,  in  freedom  in  the  choice  of  their  studies,  in  the  abundant 
opportunities  oflered  by  the  libraries,  museums  and  collections 
close  at  hand,  and  in  the  facilities  which  the  city  presents  for  the 
study  of  work  either  in  progress  or  completed,  whether  in  archi- 
tecture, the  decorative  arts  or  architectural  engineering.  But  die 
conditions  of  attendance  are  also  exceptionally  favorable,  our  spe- 
cial students  being  received  for  periods  of  two  months  at  a  time.  It 
is  accordingly  practicable  for  an  experienced  draughtsman  who  is 
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for  some  months  out  of  employment  to  attend  the  school  for  a 
limited  period,  taking  part  in  the  problems  in  design  that  happen 
to  be  in  hand,  and  attending  such  other  instruction  as  he  may  be 
qualified  to  profit  by,  thus  turning  bad  fortune  into  good.  Most 
draughtsmen,  even  the  most  capable  ones,  hold  their  positions  by  a 
precarious  tenure,  and  soon  discover  that  in  order  to  be  reasonably 
sure  of  continuous  employment  they  must  improve  themselves  in 
knowledge  and  skill.  Intervals  of  enforced  leisure  are  apt  to  give 
such  men  plenty  of  time  for  study  and  practice,  but  profitable  op- 
portunity is  lacking.  It  is  just  this  opportunity  which  we  have 
undertaken  to  supply. 

Unlike  the  young  and  untrained  speciab  students  whose  presence 
is  so  much  to  be  deprecated,  such  men  would  enter  the  school 
near  the  top  rather  than  at  the  bottom,  raising  rather  than  lower- 
ing the  standard  of  performance.  AH  our  work  would  gain  in 
seriousness  and  efficiency  by  their  presence,  and  the  regular  course 
itself  would  become  better  worth  attending. 

Until  schools  are  more  general  in  which  the  elements  of  archi- 
tecture can  be  studied,  the  offices  would  seem  to  be  the  only 
source  from  which  we  can  hope  to  obtain  a  supply  of  students  to 
whom  we  do  not  have  to  teach  the  A  B  C  of  the  art.  Classes 
such  as  those  at  the  Pratt  Institute  in  Brooklyn,  the  Armour  In- 
stitute and  the  Art  Institute  in  Chicago  and  others,  in  St.  Louis, 
Cincinnati  and  elsewhere,  and  the  evening  schools  maintained  in 
many  places  throughout  the  winter,  do  indeed  furnish  a  certain 
number  of  men  capable  of  entering  in  advanced  standing.  The 
competitions  carried  on  by  the  Society  of  Beaux-Arts  Architects 
also,  in  which  draughtsmen  all  over  the  country  are  invited  to 
take  part,  and  which,  perhaps,  are  not  as  well  known  nor  as  much 
frequented  as  they  should  be,  and  the  admirable  ateliers  main- 
tained by  some  members  of  this  society  in  New  York,  go  further 
in  the  same  direction.  They  all  point  to  a  time  when  such  schools 
of  architecture  as  our  own  can  exact  some  proficiency  in  the  ele- 
ments of  the  art  as  a  condition  for  admission. 

Ih  thus  opening  our  doors  to  men  who  are  already  somewhat 
proficient  in  design,  we  are  greatly  extending  and  expanding  the 
service  of  the  School  to  the  community  and  to  the  profession,  and 
doing  it  with  the  least  possible  trouble  and  expense.  A  consid- 
erable part  of  the  pains  spent  upon  our  regular  students  is  of 
course  pretty  much  thrown  away.    Out  of  thirty  or  forty  new 
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men  who  every  year  pass  our  entrance  examinations,  not  more 
than  ten  or  fifteen  complete  the  four  years'  course.  The  rest  drop 
by  the  way,  and  the  time  and  labor  bestowed  lipon  them,  and 
money  too,  for  every  man  costs  twice  as  much  as  he  returns  io 
tuition  fees,  is  largely  wasted  in  proving,  to  themselves  and  to  us, 
that  they  made  a  mistake  in  coming  to  us  at  all.  Even  those  who 
remain  are  apt  not  to  take  their  work  any  too  seriously.  It  is  indeed 
more  difBcult  for  schools  of  art,  and  even  for  schools  of  science, 
to  maintain  the  dignity  and  maturity  of  character  that  should 
mark  professional  study,  than  it  is  for  schools  of  law  and  medi- 
cine to  do  so.  For  obvious  reasons  they  tend  to  rank  rather  with 
the  undergraduate  courses  in  the  colleges.  Many  of  our  students 
are  boys  fresh  from  school  who  have,  as  has  been  said,  no  real  vo- 
cation for  the  work,  and  who  take  it  merely  as  the  alternative  to 
a  college  career.  They  are  indeed  rather  disposed  to  assume 
the  title  of  Freshmen  and  Sophomores,  and  with  it  the  manners 
and  customs  these  names  suggest.  The  cure  for  this  will,  it  is  to 
be  hoped,  be  found  in  the  new  policy  lately  adopted  by  the  aca- 
demic department  of  the  University.  Students  in  Columbia  Col- 
lege will  hereafler,  during  their  lour  years'  course,  be  permitted  to 
take  as  electives  all  the  studies  comprised  in  the  first  two  years  of 
the  School  of  Architecture.  They  will  then  be  able  to  complete 
their  professional  studies  In  two  more  years  instead  of  in  four. 
This  six-year  programme  will  meet  the  case  of  boys  who  are  ready 
and  glad  to  continue  their  general  education,  though  they  may  be 
unable  or  unwilling  to  undertake  eight  years  more  of  schooling, 
while  it  will  furnish  them  to  us  as  men  fresh  from  college  instead 
of  boys  just  out  of  school.  Meanwhile,  we  are,  as  has  been  said, 
encouraging  the  attendance  of  older  and  more  serious  men  by  offer- 
ing special  inducements  to  draughtsmen  of  experience,  who  have 
already  passed  their  probation,  and  vindicated  in  the  open  market 
their  claim  to  a  place  in  the  profession.  Such  men  belong  to  just 
that  class  of  mature,  serious,  eager  and  receptive  students,  in  whose 
service  it  is  worth  while  to  spend  time,  pains  and  money.  Such 
have  not  been  lacking  among  the  special  students  of  these  five  or 
six  years.  As  was  said  of  one  of  the  first  of  them  who  presented 
himself,  "  Give  them  a  little  push,  and  they  will  run  for  two  days." 
The  more  serious  and  capable  men  in  our  regular  course,  and  such 
are  by  no  means  rare,  would  be  the  first  to  profit  by  and  to  wel- 
come the  more  vigorous  temper  which  such  an  element  could  hardly 
fail  to  infuse  into  our  society. 
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But  whatever  prowess  these  men  may  evince  and  whatever  ser- 
vice we  may  do  them,  or  they  us,  it  is  in  the  regular  students,  the 
men  who  fulfill  all  the  requirements  of  our  coarse  and  who  in  sign 
that  they  have  done  so  receive  our  diploma,  that  our  main  interest 
lies.  Whether  this  consummation  comes  at  the  end  of  four  years 
of  strict  adherence  to  our  curriculum  or  by  more  disconnected 
studies,  is  a  matter  of  detail.  It  is  the  end  that  is  the  important 
thing,  no  matter  how  it  is  reached.  This  is  the  end  for  which  the 
School  was  established.  The  main  function  of  the  School  is  to 
furnish  to  the  country  a  body  of  generously  educated  architects, 
gentlemen  and  scholars,  who  shall  in  intellectual  character  and 
professional  culture  help  to  set  the  profession  where  a  similarly 
broad  education  has  placed  the  professions  of  law  and  medicine. 
There  are  lawyers  and  doctors,  useful  and  eminent,  who  have  not 
this  mark.  But  that  is  not  the  kind  who  receive  their  education 
at  a  university.  There  are  still  architects  of  eminence  who,  as  in 
middle  ages,  are  master  builders.  To  such  and  to  others  whose 
training  lies  all  on  one  side  we  are  glad  to  do  all  the  service  that 
we  can,  by  the  way.  But  we  do  not  forget  that  the  regular 
course  is  our  main  work  and  it  is  the  hope  of  finding  among  these 
irregulars  able  recruits  for  our  main  army  that  adds  zeal  to  our 
efforts  in  their  behalf.  The  statutes  of  the  University  provide 
that  any  special  student  may  obtain  a  degree  by  passing  all  the 
required  examinations  and  enrolling  himself  as  a  regular  student 
at  any  time  up  to  the  beginning  of  the  fourth  year.  It  is  to  be 
hoped  that  as  the  special  students  in  architecture  increase  in  num- 
ber and  improve  in  quality,  an  increasing  proportion  of  them  may 
avail  themselves  of  this  provision. 

The  maintenance  side  by  side  of  two  classes  of  students,  doing 
substantially  the  same  work,  though  standing  upon  so  different  a 
footing,  might  be  expected  perhaps  to  present  some  inconveniences, 
especially  at  first,  before  relations  were  adjusted.  Each  class  might 
naturally  regard  the  other  as  enjoying  exclusive  privileges.  Some 
delicate  questions  of  fees  and  of  promotion  have  already  arisen,  and 
are  in  course  of  what  it  is  hoped  may  prove  satisfactory  adjustment. 
But  it  does  not  appear  that  the  colleges  where  similar  conditions 
obtain  have  experienced  any  serious  embarrassment  on  this  account. 
The  regular  and  special  students  seem  to  live  comfortably  together 
without  antipathies  or  antagonisms. 

It  is  more  significant  to  observe  that  this  condition  of  things 
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may  tend  toward  the  practical  solution  of  a  question  which  as  a  mat- 
ter of  theory  might  be  inlerminably  debated,  as  indeed  it  has  been, 
and  still  is.  It  may  well  be  held  that  in  the  study  of  any  profession 
there  is  a  definite  series  of  topics  which  had  best  be  taken  up  in  a 
certain  definite  order,  that  the  student  has  no  means  of  forming  a 
sound  judgment  as  to  what  these  topics  are,  or  what  should  be  their 
proper  sequence,  and  that  accordingly  the  sensible  course  for  a  school 
of  architecture,  as  for  a  law  school  or  a  medical  school,  is  to  pre- 
scribe the  path  to  be  trod,  making  it  neither  too  long  nor  too 
broad,  and  to  require  a  strict  adherence  to  it.  This  means  a  curri- 
culum, and  it  can  reasonably  be  contended  that  however  an  elec- 
tive system,  with  freedom  of  choice  in  the  selection  and  the  arrange, 
ment  of  studies,  may  be  suited  to  the  wide  Reld  of  liberal  culture, 
it  has  no  place  in  the  road  to  technical  attainment,  in  which  every 
step  is  necessary  to  the  one  that  is  to  follow  it. 

On  the  other  hand  it  may  be  said  that  architecture,  at  least,  pre- 
sents so  many  sides,  each  requiring  a  special  capacity  in  order 
really  to  approach  it  to  advantage,  that  a  comprehensive  curricu- 
lum can  give  only  a  superficial  training,  and  that  men  should  be 
allowed  and  encouraged  to  devote  themselves  somewhat  exclu- 
sively to  whatever  they  are  best  fitted  for.  Grown  up  men  at  any 
rate,  who  have  found  out  by  experience  what  they  can  do  to  most 
advantage,  should  have  a  free  opportunity  to  pursue  the  studies 
they  feel  they  need  and  to  take  them  up  as  they  may  be  ready  for 
them.  This  would  permit  them  to  attack  one  subject  at  a  time 
and  to  concentrate  e^ort  upon  it,  studying  as  men  study,  with  con- 
tinuity of  interest,  not  in  broken  snatches  of  time,  like  children. 

This  contention  is  backed  by  the  great  example  of  the  ^oU  des 
Beaux-Arts,  in  which  the  principle  of  freedom  of  choice,  of  what  is 
sometimes  called  that  of  the  European  University  as  opposed  to 
that  of  the  American  College,  finds  a  splendid  exemplification. 

Which  procedure  is  best  adapted  to  the  needs  of  architectural 
education  in  this  country  only  experiment  can  show,  and  it  is  this 
experiment  that  we  are  in  ?.  somewhat  favorable  position  for  trying. 
Our  regular  course  offers  the  first  alternative  to  men  who  are 
especially  fitted  for  it  by  their  preparatory  studies,  giving  them 
three  years  of  training  in  history  and  design  and  in  scientific  and 
practical  construction,  followed  by  a  year  given  exclusively  either 
to  architectural  design,  or  to  architectural  engineering,  as  each 
student  may  elect.   Special  students  follow  the  other  alternative,  and 
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as  it  is  open  only  to  men  specially  qualified  for  it  by  experience, 
it  may,  if  happily  administered,  prove  equally  advantageous.  It 
is  to  be  expected  that  here  as  elsewhere  the  two  will  develop  har- 
moniously side  by  side,  each  meeting  the  needs  of  its  own  men 
better  than  the  other  could  do.  But  it  may  happen  that  one  or 
the  other  may  prove  so  much  more  congenial  to  the  temper  of 
the  time  that  it  shall  engross  pretty  much  all  our  activities.  In 
that  case  the  school  would  present  the  aspect  either  of  a  strictly 
ordered  community,  with  a  few  outsiders  feeding  on  the  crumbs 
from  the  table  of  the  regular  household,  as  at  present,  or  possibly 
as  a  school  where  most  men  study  what  they  choose,  as  they 
choose,  with  an  auxiliary  or  perhaps  in  that  case  a  preliminary 
course,  like  our  present  first  year,  for  those  who  need  or  desire 
a  preparatory  discipline. 

But  these  are  the  issues  of  the  future,  to  be  determined  by  the 
concurrence  of  natural  forces.  It  is  not  for  us  to  prejudge  the 
event,  under  the  influence  of  prejudices  derived  from  the  observa- 
tion  of  what  has  succeeded  or  failed,  here  or  abroad,  but  to  give 
both  experiments  a  fair  trial,  as  we  are  happily  in  a  position  to  do. 
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ANALYTICAL   CHEMISTRY. 
By  Elwyn  Waller,  Ph.D. 

Volatility  of  .SaZ/f.— Norton  and  Rolh  (J.  Am.  Chem.  Soc.,  XIX., 
155).  Bunsen's  mode  of  testing  was  appHecl.  which  consists  in  noting  ihe 
comparative  lengtli  of  time  required  to  volatilize  o.oi  gm.  of  the  sub- 
stance from  the  loop  of  a  platinum  wire  held  in  the  hottest  part  of  a  Bun- 
sen  flame.  The  disappearance  of  color  is  very  decidedly  marked.  Tbe 
results  were : 

seconds.  KBr  7.        seconds. 

KI  s-S 

Na.B^Oj  215.5 
"  Nar  104.5  " 

KF  39.S 

BaCl,      1560,0 

Recmering  Platinum  from  Waste  Solufions—y/Uey  (].  Am.  Chem. 
Soc.,  XIX.,  258).  Al  turnings  in  conjunction  with  HCl  have  been  used 
with  great  success.  After  all  Pt  has  been  precipitated  and  all  Al  dis- 
solved, the  Pt  black  must  he  digested  for  a  time  with  HNO,  to  remo%'e 
the  Cu  which  is  usually  present  in  commercial  Al. 

Sodium  Peroxide  as  a  Third  Group  Reagent. — Parr.  (J.  Am.  Cbera. 
Soc.,  XIX  .  341).     When  added  in  excess  the  effects  arc: 

Al  and  Zn  redissolved  as  aluminate  and  zincate.  Fe  precipitates  as 
dense  red  brown  precipitate,  almost  insoluble  in  HNOg,  carrying  /lo 
P,0.  with  it.  Mn  separates  as  MnOj  x  H^O,  Co  in  similar  manner  as 
CojOgXHjO.  Ni  as  Ni(OH),.  Boiling  this  precipitate  with  Br  water 
converts  it  10  NijOg  x  H^O,  which  when  suspended  in  water  alone  de- 
composes KI  (without  addition  of  acid),  constituting  a.  ilelicalc  test  for 
Ni.     A  scheme  for  the  management  of  the  group  is  given, 

Alkamttric  S-lulions. — Sodium  oxalate  for  standardizing — SdrensoD 
(Chem.  Ztg.  Rep..  1896,  a35}.  Dissolve  the  commercial  article  in 
water,  render  slightly  alkaline  with  NaOH,  evaporate  and  crystallize  out, 
Recrystallize  and  dry  at  125°  to  150°.  The  salt  is  anhydrous  and  not 
■  hygroscopic.  For  use,  weigh  out,  ignite  gently  to  Na^COg  and  dissolve. 
It  is  also  superior  to  H^C^O^  for  standardizing  permanganate. 

Standard  Oxalic  Acid  Solutions. — Preservation.  Friclte  (Chem.  Ztg,, 
1897,  No.  26).  The  addition  of  i  ^m.  HgBOg  per  litre  served  to  pre- 
serve dilute  solutionsof  H.C.O.,  The  preservative  is  without  action  on 
KjMOjOg. 

Acidimetric  Standardization Worms.     (J.  Soc.  Phys.  Chim.,  Rub., 

XXVIII.,  4,12).  A  decimc  solution  of  HCl,  the  strength  of  which  was 
determined  by  weighing  the  AgCI  precipitated  by  it,  was  tested  with  the 
following  results  per  100  cc. : 
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I.  By  Weight  of  AgCl 0.365^111.  HCI. 

II.  By  Na.CO.  from  NaHCO,    -'"'■l"'^  '   o°'3f        '.'. 
'       *       *  *     jdnedat  150°  0.362         " 

III.  By  oxalic  acid (Two  prep-|  0.369         '' 

•'  ■  j    aralLons.    )  0.367         " 

IV.  By  borax (  Two  prep-)  0.365  " 

'  ...  ■   ^   aratiors.    j  0.367        " 

V.  Evaporation  to  dryness  with  NH^OH  and 

weighing 0.364        '* 

AH  the  salts  used  were  purified  by  repeated  rccrystallizations.  Melhyl 
orange  was  used  with  the  Na,COg  and  twrax,  phenol  phthalein  with  the 
oxalic  acid.  Oxalic  acid  rccryslallized  from  a  solution  containing  a  per 
cent.  HCI  was  found  to  be  the  best. 

Preference  is  given  to  borax  as  a  ntateiial  foi  standardizing. 

Caustic  Alkali  in  Presence  of  Carbonates. — Lunge  (Zts.  Augew. 
Chem.,  1897,  41).  A  comparison  of  three  methods  was  made,  a  by  gas 
volumetric  method,  b  by  direct  differential  titration,  using  phenol- 
phthalein  and  methyl  orange  indicators,  and  c  by  Winkler's  method. 
Titration  of  one  portion  with  methyl  orange  indicator  and  in  another 
portion  adding  BaCI,  and  then  titrating  with  phenol  phthalein  indicator, 
using  the  precaution  to  add  the  N/s  HCI  for  back  titration  very  gradu- 
ally. When  only  small  proportions  of  carbonate  were  present,  all  three 
methods  gave  identical  results.  When  more  of  the  alkali  was  present  as 
carbonate  than  as  caustic,  meihod  b  proved  incorrect,  while  the  others 
proved  correct. 

Alkalimetric  Carbonates  in  Lyes  and  Alkaline  Carbonates. — Kuster 
(Zts.  Anorg.  Chem.,  XIII.,  127).  An  elaborate  investigation  of  differ- 
ent  methods.  The  conclusions  are :  i.  In  mixed  caustic  and  carbonate 
solutions,  Winkler's  method  with  BaClj  (phenol  phthalein  indicator) 
is  the  only  correct  one.  Total  alkali  can  be  determined  with  methyl 
orange  indicator. 

2.  Methyl  orange  is  colored  by  COj.  In  using  it  for  titrating  car- 
bonates one  should  titrate  to  a  "  normal  color "  obtained  by  saturating 
a  water  solution  of  the  color  with  CO,. 

3.  Phenol  phthalein  shows  color  in  dilute  bicarbonate  solutions.  The 
color  is  weakened  by  the  presence  of  Na  salis  of  stronger  acids,  and  is 
destroyed  by  considerable  excess  of  CO,.  It  is  unsuiied  for  the  accurate 
titration  of  solutions  containing  carbonates. 

4.  Many  of  the  phenomena  noted  are  in  accord  with  Arrhenius'  views 
of  the  ion  decomposition  of  salts. 

Potassium  Esiimalion.^Via.ntn  (Chem.  News,  LXXV.,  156).  After 
precipitating  from  the  chloride  solution  by  PtCI^  the  aqueous  mixture  is 
evaporated  low,  and  then  double  its  volume  of  a  mixture  of  equal  parts 
of  amyl  alcohol  and  ether  are  added.  This  renders  the  precipitate  very 
dense;  after  washing  a  few  times  with  this  mixture  the  precipitate  is 
treated  with  5cc.  HCHO,  and  heated  to  boiling.  When  the  solution  has 
become  brown  a  slight  excess  of  ammonia  is  added.  On  boiling  again 
Pi  separates  in  dense  flocks  which  can  be  readily  filtered,  etc. 

Potassium  Determination Prager  (Chem.  7,tg.,  XX.,  269).     Correct 

results  can  be  obtained  by  Fresenius'  short  method,  if  slow  evaporation  is 
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effected  in  an  atmosphere  Tree  from  ammonia,  the  weighed  filter  well 
washed  with  alcohol  and  hot  water  previous  to  weighing  for  reception  of 
the  precipitate,  and  the  drying  is  effected  at  i  io°.  Ruer  {ibid.,  p.  270) 
asserts  that  the  determinations  made  in  accordance  with  the  directions  of 
the  Stassfurth  syndicate  are  all  about  0.5  per  cent,  too  high.  They  pre- 
scribe drying  the  K^PtCl,  for  20  minutes  at  130°  and  multiplying  its 
weight  by  0.3056  to  get  KCl.  He  finds  that  this  factor  is  only  correct 
after  drying  the  precipitate  at  130°  for  12  hours.  Drying  for  half  an 
hour  and  using  the  factor  0.304  gives  correct  results.  Bauer  {ib.,  p. 
270)  prefers  dissolving  the  precipitate  through  the  filter  (by  use  of  hot 
water)  into  a  weighed  capsule,  evaporating,  drying  at  iio'^and  weighing, 
thereby  avoiding  double  weighing  of  the  filter,  possibility  of  reduction 
of  the  precipitate,  freeing  reduced  Pt,  etc. 

Calcium  Carbonate  and  Sulphate  in  IVhite  Paint. — Thompson  (J.  Soc. 
C.  I.,  XV.,  791).  A  mixture  of  CaCOg  and  PbSO«  when  treated  with 
water  react  upon  one  another,  producing  CaSO.  and  PbCO,  It  was 
found  possible  to  determine  Ca  present  as  CaCOg  in  a  white  paint,  by 
treating  i  gm.  of  the  (dry)  pigment  in  the  cold  with  with  a  mixture  of  9 
parts  of  95  cent,  alcohol  with  one  part  of  cone.  HNOj  (Gr.  1.4).  The 
material  is  digested  30  minutes  with  some  of  this  mixture,  and  the  clear 
solution  decanted  off  through  a  filter.  This  operation  is  performed  four 
times.  The  material  is  then  filtered  and  washed  with  the  mixture,  and 
the  solution  evaporated  to  dryness,  adding  a  little  sulphuric  acid  to  de- 
stTuyHjCjO^,  which  may  form  by  the  reaction  of  HNOg  on  alcohol. 
Cool,  take  up  with  water,  add  NH^OH  and  HCjHgO,,  pass  H,S  to  re- 
move Pb  and  Zn,  and  determine  CaO  in  the  filtrate  by  use  of  oxalate. 
The  CaO  thus  found  is  that  present  as  CaCOg.  Deducting  from  total 
CaO  we  obtain  that  present  as  CaSO^. 

Separation  of  Barium,  Strontium  and  Calcium, — Rawson  (J,  S.  C.  I., 
XVI.,  113).  Ba(NOg)j  and  Sr(NOj),  are  both  insoluble  in  concen- 
trated HNOg,  while  Ca(NOa)j  is  soluble.  The  carbonates  are  dissolved 
in  HNOg  evaporated  to  dryness  on  the  water  bath,  cone  HNOg  (Gr. 
1.44  or  higher)  is  added  and  the  mixture  well  stirred.  After  filtration 
the  residual  nitrates  are  dissolved  in  water,  and  Ba  separated  as  chromate, 
the  usual  necessary  conditions  being  obtained. 

Alumina  and  Ferric  Oxide  in  Phosphates. — Thompson  (J.  Soc.  C.  I., 
XV.,  868).  The  acetate  process  affords  erroneous  results  because  the 
NH^CjHgOj  causes  a  decomposition  of  the  acid  calcium  phosphates,  a 
portion  of  the  CaO  as  phosphate  accomjianying  the  precipitate  (of 
AIsCPO^jj  and  Fej{P04)j).  If,  however,  the  cold  HCl  solution  of  a 
mineral  phosphate  is  carefully  neutralized  with  NH4OH,  until  it  is 
neutral  or  faintly  acid  to  lacmoid  paper,  the  whole  of  the  Alj(P04)j  and 
Fej(P04)j  will  precipitate  free  from  Ca  salt. 

Washing  the  precipitate  with  dilute  NH^CjHgOj  solution  decomposes 
the  precipitate,  rendering  it  basic.  Washing  with  a  i  per  cent,  solution 
of  NH^NOg  coniaining  0.2  percent.  NH^H^PO^  per  litre  avoids  this 
difficulty. 

Basic  Acetate  Precipitations  {Ferric). — Brearley  (Chem.  News, 
LXXV.,  353),  Some  experiments  are  recorded  which  have  been  made 
with  a  view  to  determine  within  what  limits  the  amount  of  alkaline 
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acetate  roay  be  advantageously  coDfined.  In  neutralizing  closely,  gome 
Fej(OH)g  is  formed,  which  dissolves  in  the  FcjClj  remaining,  and  only 
so  much  acetate  is  required  as  will  suffice  to  react  with  the  Fe  remaining 
as  chloride  and  release  the  ^^^(OW)^. 

Hydrogen  Peroxide  in  Titrating  Iran Ross  (Chem.  News,  LXXV., 

SiJ.  After  reducing  a  ferric  solution,  an  excess  of  K^CrjO^  maybe 
added,  and  the  excess  of  the  lalter  determined  by  shaking  up  in  a  closed 
flask  connected  with  an  eudiometer  in  which  the  volume  of  O  evolved 
may  be  read  off.  All  of  the  0  is  not  set  free  until  about  live  minutes 
have  elapsed.     The  reactions  are  given  as : 

KjCrjO^+HjOj+HjSO^^KaSO^+aHjO+CrjO, 
CrjOT+3HjSO^+4HjOj=Crj(S04)g+7HjO+Og. 

PhospMdes  of  Chromium  and  Manganese.- — Granger  {Abstr.  Chem. 
News,  LXXV.,  95).  The  substance  in  fine  powder  is  fused  with  KOH, 
the  temperature  t>eing  gradually  raised  to  dull  redness,  and  there  main- 
tained for  i>^  hours.  After  cooling,  the  mass  is  dissolved  in  boiling 
water.  For  the  Cr  compound,  acidify  with  HNOg,  precipitate  by 
molybdate,  and  in  the  filtrate,  reduce  to  Cr^Og,  and  precipitate  twice  to 
purify  the  CrjO,. 

For  the  Mn  compound,  acidify  with  HCl,  neutralize  with  NH^OH, 
and  add  (NH4)jS.  Evaporate  to  dryness,  add  more  (NH^)jS,  and 
water,  filter  off  MnS,  etc.  The  precipitate  may  serve  for  determination 
of  Mn,  the  filtrate  for  PjOg. 

Titanic  v4«",^.— Morgan  (C.  N.,  LXXV.,  134).  The  methods  de- 
scribed by  Blair,  and  by  Arnold,  in  their  respective  books  on  steel  analy- 
sis, etc.,  are  combined.  The  TiO,  is  precipitated  by  C^H^),  HPO^, 
an  excess  of  the  precipitant  being  kept  in  the  solution  when  filtering. 
The  preciptate  is  dissolved  in  HCl,  the  solution  evaporated  to  hard  dry- 
ness (baked).  After  treating  with  HCl,  the  insoluble  residue  is  filtered 
off  and  fused  whh  ten  times  its  weight  of  KjCOj(Na,COj?).  After  ex- 
tracting with  a  little  water,  the  insoluble  portion  is  fused  with  KHSO^, 
dissolved  in  10  cc.  HCl  and  50  cc.  SO,  solution,  and  pure  TiOj  pre- 
cipitated by  adding  zo  gms.  NaC,HjOj,  one-sixth  the  volume  of 
HCjHjOj,  and  boiling  for  a  few  minutes. 

Volumetric  for  Nickel. — Examination  of  Methods.  Goutal  (Ann.  dc 
Chira,  Analyt.  I.,  305).  The  conclusions  are:  t.  The  Br  and  KCy 
method  indicated  by  Mohr  and  recommended  by  Carnot  is  simple  and 
accurate  when  sensible  quantities  of  Ni  are  present,  z.  Moore's  KCy 
titration  is  especially  useful  in  cases  of  low  percentages  of  Ni,  Good  re- 
sults are  obtained  if  the  AgNOg  in  the  solution  is  varied  inversely  in  pro- 
portion to  the  amounts  of  Ni  in  the  substance.  Co,  Mn,  Cu,  Zn  and 
Fe  should  not  be  present.  The  conditions  necessary  are  a  slightly  alka- 
line solution,  not  too  much  NHj  salts,  and  a  temperature  not  over 
ao°  C.  3.  The  phosphate,  molybdate  and  nitroso-naphthol  methods  are 
more  difficult  and  slower,  but  are  accurate  in  experienced  hands.  4. 
Other  methods  arc  less  accurate  and  apparently  not  superior  to  gravi- 
metric methods. 

Separating  Nickel  from  Cobalt,  Iron,  etc. — Pinerua  (Chem.  News, 
LXXV.,  193).     The  method  is  based  on  the  insolubility  of  NiCl,  in 
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«ther  when  saturated  with  HCl  at  a  low  temperature.  The  hydrated 
chlorides  (0.3  to  0.4  gm.)  are  dissolved  in  the  smallest  possible  quantity 
of  water,  and  10  to  13  cc.  of  fuming  HCl  added,  then  10  cc.  of  ordinary 
ether.  The  mixture  is  well  shaken,  and  anhydrous  HCl  passed  into 
saturation,  the  tube  in  which  the  mixture  is  contained  being  surrounded 
by  melting  ice.  Ni  separates  as  yellow  NiClj,  CoClj  remaining  in  so- 
lution tbluej;  if  Fe  is  present  the  solution  will  De  green.  The  precipitate 
is  washed  by  decantation  with  ether  saturated  with  HCl,  then  washed  on 
the  filter  with  the  same.  It  may  then  be  dissolved  in  water  and  estimated 
by  well  known  methods.  For  the  complete  separation  from  Fe  the 
operation  must  be  repeated  several  times.  AlClg  is  also  insoluble  in 
ether  saturated  with  HCl,  and  the  method  may  be  used  to  separate  Al 
from  Co  in  the  same  manner. 

Nickel  and  Zinc  as  Phosphatei.—C\M\  (J.  See.  C.  I.,  XV.,  866). 
Dirvell's  method  of  determining  Co.  by  precipitating  as  CoNH4P04  in 
NH4OH  solution  is  effective,  provided  the  Co  is  all  in  the  cobaltous 
state.  To  separate  Ni  in  presence  of  Co  add  to  a  solution  containing 
both  as  chlorides,  10  times  as  much  (NH4)jHPO^  as  will  suffice  to  com- 
bine with  them,  heat  with  HCl  and  an  excess  of  Br.  Supersaturate  with 
NH^OH,  add  a  little  HjO,  to  insure  oxidation  of  Co,  cool,  render  just 
neutral  with  HCl,  add  20  cc.  of  alcohol  and  allow  to  stand,  pale  green 
NiNH^PO.  separates.  Wash  with  dilute  alcohol,  ignite  and  weigh 
Ni„PjO,. 

/nNHjPO^  can  be  brought  down  quickly  and  completely  by  neutral- 
izing exactly  in  the  same  manner. 

Determining  Zinc  as  ZnS, — Aston  and  Newton  (C.  N.,  LXXV,,  133). 
Mixing  ZnO  with  S  and  igniting  in  a  current  of  H  gas  is  a  method  men- 
tioned by  Fresenius.  The  authors  find  that  ZnO  from  the  nitrate  treated 
in  this  way  affords  much  less  than  the  theoretical  amount  of  product,  at 
best  about  96  per  cent,  after  repealed  treatments.  ZnO  from  ZnS, 
ZdCOj  or  ZnSO^  gave  theoretical  results. 

Volumetric  for  Zine Dementief  (J.  Soc.  Phys.  Chem.  Russ.,  XXVIII., 

323J.  Add  to  the  solution  of  Zn  an  excess  of  NaOH,  sufficient  to  redis- 
sotve  the  Zn(OH)j.  Then  divide  the  solution  exactly  in  halves.  In 
one  half  titrate  with  standard  acid  and  tropseolin  00  indicator.  This 
gives  both  Zn(OH)j  and  NaOH,  In  the  other  half  titrate  with  sundard 
acid  and  phenol  phthalein,  which  gives  only  the  NaOH.  The  difference 
jS  the  measure  of  the  Zn(OH)j  present. 

Zinc  7?«jA— Wahl  (J.  Soc.  Ch.  Ind.,  XVI.,  15).  A  weighed  quantity 
of  the  dust  is  suspended  in  a  little  cold  water  in  a  flask  and  Fej(S04), 
added  (no  free  acid).  In  a  short  time  the  reaction  occurs  with  evolution 
of  heat,  after  which  acidification  with  HjSO^  and  titration  will  serve  to 
complete  the  test.  In  the  discussion  it  was  stated  that  the  method  was 
not  new,  and  in  case  the  Zn  dust  were  adulterated  with  iron  filings  it  was 
utterly  fallacious. 

Separating  Tungsten  from  Titanium.— DtfAcqz  (C.  Rend.,  CXXIII., 
823).  Ignite  at  dull  red  heat  with  8  parts  KNOg  and  a  parts  K,COg 
for  2o  to  30  minutes.  Leach  out  with  water,  finally  wash  on  a  filter  with 
NHjNOg  solution.  W  is  estimated  in  the  filtrate  by  Hg(NO,),,  while 
the  residue  (containing  Ti)  is  fused  with  KHSO^  and  managed  as  usual. 
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Separation  of  SilUic  and  TungstU  Acids. — De  Beuneville  (J.  Am, 
Chem.  Soc.,  XIX,,  377).  Treaiment  with  ammonia  even  after  ignition 
will   dissolve  some  tiiOj.     Volatilizing  the  SiOj   by  use  of  HF  and 

HjSO^,  as  recommended  by  Professor  Arnold,  is  the  best  method.  The 
resuhs  of  a  number  of  experiments  are  given  to  illustrate  the  point. 

Commercial  Thorium  Nitrate Fresenius  and  Hinz  (Fres.  Zts,  Anal. 

Chem,,  XXXV.,  525).  20  gms,  were  dissolved  in  water.  After  dilution 
to  3  litres,  the  solution  was  precipitated  hot  with  Na^SjOg,  Theprecipi- 
Ute  was  dissolved  in  HCl.  The  residue  was  ignited,  fused  with  KHSO^, 
dissolved  in  dilute  HCl  and  precipitated  with  ammonia.  This  precipi- 
tate was  dissolved  in  HCl  and  added  to  the  main  solution,  which  after 
large  dilution  was  again  precipitated  with  Na,S,Oj.  The  filtrates  from 
both  operations  were  precipitated  by  ammonia,  washed,  dissolved  in  HCl 
and  evaporated.  The  residue  was  taken  up  with  water,  and  a  few  drops 
of  HCl,  and  precipitated  twice  with  NajSjO,,  The  combined  filtrates 
were  precipitated  by  ammonia,  dissolved  in  HNOg,  After  repeating  this 
process  the  ammonia  precipitate  was  dissolved  in  HNOj  evaporated  to 
dryness,  and  the  portion  soluble  in  water  precipitated  by  HjC,Oi.  The 
precipitate  contained  Ce,  Yt  and  Nd(La).  Fused  with  KHSO^  precipi- 
tated with  ammonia,  dissolved  in  HCl  nearly  neutralized  with  Na^COg, 
added  NaCjHgOg  and  HC^HgOj,  then  NaClO  and  boiled,  dissolved  the 
precipitate  in  HCl  and  repealed,  then  dissolved  in  HCl  precipitated  by 
ammonia  weighed  CeO,. 

The  filtrates  (containing  Yt,  Nd  and  La)  were  acidified  with  HCl, 
boiled,  and  precipitated  with  ammonia,  and  this  dissolved  in  HCl. 
After  evaporating  to  dryness  it  was  taken  up  with  a  few  drops  of  water, 
and  a  saturated  solution  of  K^SO^  added.  After  long  standing,  the  Md 
and  La  compounds  were  filtered  off,  washed  with  K^SO^  solution,  and  in 
the  filtrate  Yt  precipitated  twice  by  ammonia,  ignited  and  weighed. 

The  KjSO^  precipitate  was  dissolved  in  HCl,  precipitated  with  am- 
monia, redissolved,  and  precipitated  by  HjC,0^,  washed,  ignited  and 
weighed. 

Separating  Thoria  from  Zircania,  —  Delafontaine  (Chem.  News, 
LXXV.,  230).  Fusing  the  material  (ore  or  oxides)  with  twice  its  weight 
of  KHF,  affords  K^ZrFg  soluble  in  boiling  water  containing  a  little 
(few  drops)  of  HF.  The  insoluble  portion  decomposed  by  HjSO^  and 
ignited  at  below  red  heat  gives  the  Ce  Th,  etc.,  as  sulphates,  which  can 
be  separated  by  the  oxalate  treatment. 

Molybdic  Acid  by  ledometric  Method. — Gooch  and  Fairbanks  (Zts. 
Anorg.  Chem.,  XIII.,  lOi).  In  an  HCl  solution  addition  of  KJ  and 
heating  gives  the  reaction : 

2MoO,+4HI=2MoOjI+Ij+zHjO 

Distilling  over  the  I  and  titrating  the  same  with  standard  Na^S^O,, 
can  be  made  to  give  correct  indications,  if  for  0.3  to  0.4  gm.  MoU,,  the 
original  volume  of  40  cc,  is  boiled  down  to  35  cc.  in  an  atmosphere  of 
COj,  not  over  0,5  gm.  excess  of  KI  is  used.  In  the  cold  the  MoOj  re- 
oxidizes  in  contact  with  I  solution.  It  was  found  that  this  re-oxidation 
could  be  measured,  and  the  work  conducted  in  a  flask  only  partially 
closed  by  placing  a  CaCIj  tube  in  the  throat.     The  charge  should  be: 


..CAKigle 


436  THE  QUARTERLY. 

MoOg  O.I  to  0.3  gm.,  KI  0.5  gm.  HjO  .30  cc.,  HCl  (cone.)  20  cc. 
This  is  boiled  down  to  35  cc.,  then  diluted,  about  i  gm.  H,C4H^0, 
added,  and  then  an  excess  of  normal  I  solution.  The  solution  is  then 
placed  in  a  Haatc  provided  with  a  stopcock  funnel,  and  connected  with  a 
Will-Varentrapp  bulb  containing  KI  solution.  Through  the  stopcock 
funnel  is  added  a  little  NaOH,  the  neutraliialion  is  finished  with 
NaHCOj,  and  after  standing  for  an  hour  or  two,  the  excess  of  I  re- 
maining may  be  titrated. 

This  method  can  be  applied  to  the  "yellow  precipitate,"  obtained  in 
phosphoric  acid  determinations  (24MoOjPjOj.3(NH4)jO,2HjO).   (ib 

p.  ,17.) 

Stlenium- Gravimetric  Determination. — A.  W,  Pierce  (Zts.  Anoi^. 
Chem.  XII.,  409).  In  a  solution  containing  selenates,  acidifying  with 
HCl,  adding  KI  and  boiling  10  minutes  separated  all  the  Se  in  the  ele- 
mental form.  This  was  filtered  on  a  weighed  filter  of  asbestos,  dried  at 
100°  and  weighed.  With  small  amounts  of  Se  correct  results  were  ob- 
tained, with  over  0.3  gm.  of  Se;  the  gravimetric  determination  showed  too 
high,  whereas  the  determination  of  the  I  liberated  showed  too  low  re- 
sults. KI  was  evidently  held  by  ihe  precipitate.  VVhcn,  however,  the  solu- 
tion was  diluted  to  400  cc.  before  acidifying  with  HCl,  3  gms.  KI 
added,  and  the  solution  boiled  for  10  to  30  minutes,  correct  results  were 
obtained  when  over  0.4  gm.  Se  was  present. 

Monatite  San/i. — Analytical  experiments.  Glaser  (J.  Am.  Chem.  Soc 
XVIII.).  Fusion  with  alkaline  carbonates  as  recommended  by  Wohler 
failed  to  render  the  TiO^  extractable  by  water.  PgOj,  Al,0,  and  much 
of  the  SiOj  could  be  extracted  by  this  means.  The  portion  insoluble  in 
water  could  be  rendered  soluble  by  digestion  with  cone.  H,S04  or 
fusion  with  KHSO^.  Addition  of  Na^SOg,  boiling  for  some  time,  and 
passing  HjS  first  through  the  hot,  and  then  through  the  cold  solution, 
was  effective  in  separating  TiOj. 

In  separating  Th  and  metalsKjf  the  Ce  group  by  (NH4),Cj04  the 
solution  must  not  be  too  acid.  Also,  a  considerable  excess  of  the  re- 
agent should  be  used  to  keep  Zr  in  solution.  Th(Cj04)j  separates  on 
cooling,  but  this  property  is  not  effective  in  separating  Th  from  the  Ce 
group.  Boiling  the  sulphates  after  addition  of  Na^SjOg  also  gave  an 
incomplete  separation,  ttiough  the  ThO^  thus  obtained  was  quite  pure. 

Separation  of  Ce  by  fractional  precipitation  with  weak  ammonia  was 
also  ineffective. 

A  portion  of  a  Welsbach  mantle  was  examined  by  boiling  with  HjS04 
and  fusing  the  portion  remaining  with  KHSO^.  The  solutions  thus  ob- 
tained were  treated  separately  by  the  same  method,  neatly  neutraliz- 
ing with  ammonia,  adding  hot  solution  of  (NHj)jC204  to  the  boil- 
ing solution,  cooling  and  filtering.  The  precipitates  consisting  of 
'Y^C^O^)^  were  ignited  and  weighed.  In  the  filtrates  ZrCOjH)^  was 
precipitated  out  with  ammonia,  redissolved  in  HCl  and  reprecipitated. 
The  action  of  the  H^SO^  appeared  to  have  effected  a  partial  separation. 

A  solution  containing  Th(S04)2  and  sulphates  of  the  cerium  metals, 
when  treated  boiling  hot  with  (NH^JjC^O^  and  NH^CjHjOj,  gave  a 
precipitate  containing  no  Th,  and  in  the  filtrate  the  Th  was  separable  by 
use  of  NaOH.  It  is  noted  that  when  acetate  has  been  used,  the 
Th(C204)2  obtained,  when  dissolved  in  a  mineral  acid,  cannot  agun  be 
precipitated  completely  by  (NH4)jCj04. 
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The  pli  n  of  analysis  in  scheme  fonn  is  as  follows  : 

Determine  TiOj  and  SiO^  on  a  separate  portion. 

Pulverize  finely,  dissolve  by  prolonged  heating  with  cone.  HjSO^  (or 
fusion  with  KHSO^).  Evaponice  down  to  remove  SiO,,  pour  slowly  into 
ice  cold  water. 

lies.  A.     SiOj ,  Ta,  traces  of  Ti,  Th  Sol.  A.  Pass  H jS  first  when 

and  Zr.     Remove   SiO,   by  HF  and     boiling,  afterward  cold. 
HjSO^.  Allow  to  settle  and  then 

lies.  Ta.  |   Sgi.  add  to  Sol.  A.     filter. 


bcrs  of  Gr.  V. 


Sai.  B.  Boil  out  H^S,  nearly  neutralize  with 

~     '     '    '  '    ■  ti  add  excess  o^ 

:c.  for  every  : 


-.f^L^  ,„I'22^  I  NH.OH.     To  the  boifin'g  solution  add  excess  of 
-u,  etc.,  and  mera-     ,.,,i  ,  .-^  ,-,     ,.    .      ,  .-^ 
'     -  -  I  (NH^jjCjO,   (hot  solution  i- 


,  gms.  of  n 


Fpt.  C.  Th  and  Ce  metals. 
Ignite  to  oxides,  convert  to  sul- 
phates, nearly  neutralize  with 
NH.OH.  Boil  and  add  excess  of 
(NH4)jC204,  after  a  time  (be- 
fore cooling)  add  a  few  cc.  of 
NH.C,H,0,.  Cool  over  night, 
filter. 

Soi.D. 

Fpt.    D.     Ce    metals.       Th, 
Dissolve,   precipitate    by  Precipi- 
NaOH,  while  precipitate     tate  by 
is  fresh,  pass  CI   gas  to      excess 
separate  Ce  from  La  and 


al).     Cool  over  night. 

So/.  C.  Add  NH^OH. 

Ppt.  E.  Dry,  ignite, 
fuse  with  NaKCOg.  dis- 
solve   in    hot    water, 


I  Sol.  E. 

Sol.  F.  add  to  Sol.  E. 

Ses.  F.  Dissolve  in  HjSb^,  add 
NH4OH. 

Fpt.  G.  Dissolve  in  dilute  HCI. 
Nearly  neutralize  with  NH^OH. 
Pour  slowly  into  |^/CrJor  CuO. 
a  mixture  of  (NH4)jC0g  and 
(NH^)jS  solutions. 

^i-  N«*0"  I  p.  ^^-  \    I     Sol.  H.  Zr,  Yt,  Be. 

f!5i^"'  ^'-    Acidify  with  HCI,  boil 
'  out  COj,  cool,  add  excess  of  NaOH. 
I      Ppt.  I.    Zr  and   Yt 
I  Dissolve  in  HCI, warm,  Sol.  . 
■  add     NajSO..     cool. 
j  When   cold    Zr  sepa- 
'  rates.     From   solution 
I  precipitate     Y  t      by 
NH^OH.     Redissolve 
and    reprecipitate    to 
j  purify. 

Electrolytic  Determination  of  Cadmium — .Avery  and  Dales  (J.  Am. 
Chem.  Soc.,  XIX.,  379).  Excellent  results  were  obtained  by  using  a 
formate  solution.  Not  over  o.i  gm.  of  the  metal  should  be  present  in  rs© 
cc.  of  the  solution.  This  amount  of  meUl  should  be  deposited  on  not 
less  than  100  sq.  cm.  of  surface.  Voltage  should  not  exceed  3.4  and 
amperage  0.15  too. 30.  If  these  condidons  are  rigidly  maintained  the 
results  are  better  than  by  any  other  method  tried. 

Lead  in  ores Meade  (J.  Am.  Chem.  Soc.,  XIX.,  374).     Weigh  t 

gm.  (more  if  poor)  of  the  ore  in  a  Pt  dish  covered  with  a  watch  glass. 
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Add  40  to  So  cc.  ofa  mixture  of  cone.  HjSO^  and  HNOg  (i:%).  Heat 
until  all  action  has  ceased.  Remove  the  cover,  rinse  it  ofl,  add  10  to  15 
cc.  HF  and  evaporate  until  dense  fumes  of  SO,  come  off;  cool,  dilute  to 
about  100  cc,  digest  until  all  soluble  salts  are  in  solution,  filter  and  wash 
first  with  3  per  cent  H^SO,,  then  with  alcohol.  Dry,  ignite  and  weigh, 
using  the  usual  precautions.     Ba,  Sr  and  Ca  may  cause  erroneous  results. 

Mercury  iit  Ammonio- Mercuric  Chloride. — Thompson  (Chem.  and 
Brugt.  L.,  234).  Estimation  of  the  Hg  in  metallic  form  gave  low  re- 
sults from  loss  of  Hg  in  drying.  Excellent  results  were  obtained  by  dis- 
solving in  HCI  and  adding  acidified  solution  of  potassium  hypophos- 
phile  tK.  HjPOj),  HgjClj  is  almost  immediately  precipitated.  After 
standing  iz  hours  the  precipitate  is  filtered  off,  dried  at  100°  and 
weighed. 

Gold  and  Silver  in  Ores. — Truchot  (Ann.  Chem  Anal.,  App.  I.,  365). 
Roast  100  to  200  gms.  of  the  pulverized  ore,  and  then  digest  30  hours 
with  Br  water.  In  the  filtrate  separate  Au  by  FeS04,  and  extract  Ag- 
Br  from  the  residue  by  hot  cone.  NH^Cl. 

Arsenic-Volumetric  method. — Szarvasy  (Berichtc,  XXIX,,  2,900). 
AsjS,  or  AsjS,  after  precipitation  is  filtered  through  an  asbestos  plug 
in  a  piece  of  combustion  tubing.  After  washing  with  wiiier,  alcohol  and 
ether,  the  contents  of  the  tube  is  thoroughly  dried  in  a  current  of  CO,. 
Then  a  plug  of  glass-wool  is  forced  in  to  within  about  5  cm.  of  the  pre- 
cipitate. A  current  of  O  is  then  patsed  through  the  tube  and  a  spot 
about  midway  between  the  plugs  is  healed  to  dull  redness.  Maintaining 
the  heat  at  that  point,  the  precipitate  is  gently  and  gradually  heated  with 
another  flame  so  as  to  oxidize  the  precipitate.  AsjOj  deposits  on  the 
walls  of  the  tube  beyond  the  first  flame,  the  small  amounts  which  would 
otherwise  escape  being  caught  by  the  glass-wool  plug.  If  the  sublimate 
has  the  least  tinge  of  yellow  the  operation  has  l^en  too  much  hastened 
and  some  suJphide  has  escaped  exidization.  In  that  case  one  may  tem- 
porarily reverse  the  current  of  O  and  drive  the  whole  back  to  be  oxidized 
over  again.  When  the  oxidization  is  terminated,  drive  out  the  SOj  re- 
maining with  a  current  of  air,  dissolve  the  As,Og  ihroujih  the  asbestos 
plug  by  use  of  NaOH  solution,  rinse  out,  acidify  with  HCI,  add  NaH- 
CO3,  and  titrate  iodmetrically.  With  orpiment,  realgar,  etc.,  the  S  may 
be  simultaneously  determined  by  passing  the  SO,  foimed  during  the  oxi- 
dation into  Br  solution  and  manipulating  by  well  known  methods. 

Platinum  sulphide Antony  and  Luechesi  (Gazz.  Chim.  Ital.  XXVI., 

218),  HjS  reacting  with  H^PtClg  solution  when  heated  to  90°  precipi- 
tates all  the  Pt  as  sulphide.  At  ordinary  temperatures  the  precipitation 
is  not  complete.  A  precipitate  of  variable  composition  containing  prob- 
ably Pt(HS)4  separates,  and  a  colloidal  sulphide  also  forms. 

At  ordinary  temperatures  in  very  dilute  solutions  a  sulphide  entirely 
colloidal  is  formed. 

Formaldehyd  as  a  reagent  with  oxidised  Halogens. — GrQtzner  (Arcb. 
Pharro.  CCXXXIV.,  634).  Adding  AgNO,  and  formaldehyd  to  a  solu- 
tion of  KClOj  and  then  acidifying  with  HNO,  gives  the  reaction; 
HClOg-f3CHjO-(-AgN0g=3CHj0,+AgCl-FHN0,. 

The  action  is  hastened  by  warnaing. 
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HBrOg  reacts  in  a  corresponding  manner,  but  requires  long  heating. 
HlOg  is  not  reduced.     HCIO^  and  HIO4  arc  but  slightly  affected. 

Separating  Chlorini  and  Bromine. — Baubigny  and  Rivals  (C.  Rend- 
CXXIV.,  No.  16).  The  action  of  K^Mn^Og  on  iodides  (conversion  to 
iodaie  in  neutral  or  alkaline  solution)  is  utilized  in  aiial)-tica!  work. 
Bromides  or  chlorides  are  unaffected.  If,  however,  CuSO^  solution  is 
added  to  a  solution  of  mixed  bromide  and  chloride  containing  K^MnjOg 
a  similar  action  occurs  with  the  Br,  and  in  the  remaining  liquid  (after 
standing)  the  CI  can  bs  estimated  alone  by  AgNOj. 

Analysis  ^//o./iVj^s.—Gooch  and  Walker  (Am.  J.  Sci.  [4]  III.,  No.  16) 
addition  of  HlOg  {or  alkaline  iodate  and  HJSO4)  gives  the  reaction; 
HIOg+5HI=6I+3H50,  in  which  one-sixth  of  the  I  set  free  (esti- 
mated by  Na^SjOg,  etc.)  is  due  to  iodide.  The  method  works  well 
when  bromides  or  chlorides  are  not  present.  When  these  are  present 
they  react  with  the  HIO,  in  a  similar  manner  to  that  above  and  give 
high  results. 

Properties  of  some  Melallic  Sulphates. —C&'vexi.  and  Hill  (J.  Soc.  Ch. 
Ind.,  XVI.,  ag).  AIPO4,  like  FePO,,  is  slowly  hydrolyzed  by  water. 
It  is  soluble  in  solutions  of  Al  salts,  10  some  extent  even  at  the  boiling 
temperature.  Its  solution  in  alkaline  hydrates  is  partially  reprecipitated 
by  addition  of  NH^Cl.  The  compound  is  soluble  in  HC„HgOj  in  the 
cold,  and  reprecipitated  by  boiling,  but  is  not  precipitated  by  NHjCjH , 
Oj  in  the  cold.  The  properties  of  CrPO^  are  almost  precisely  [he  same. 
Cug(PO^)j  was  found  also  10  be  hydrolyzed  by  water.  The  phenome- 
non is  accompanied  with  a  change  of  color  in  the  precipitate,  from  sky 
blue  to  light  grass  green.  The  compound  is  completely  hydrolyzed  by 
KOH  solution.  BiPO^,  like  the  former,  was  found  to  be  soluble  in  solu- 
tions of  salts  of  the  metal.  It  was  partially  hydrolyzed  by  KOH,  but  not 
at  all  by  water.  Pbg  (PO,)j  is  not  soluble  in  excess  of  Pb  salts.  As  to 
hydro! yzatio^i,  it  appeared  similar  to  Bi. 

Phosphorus  by  lodometric  Method. — Fairbanks,  see  "  Molybdic  acid 
by  iodometric  method." 

Insoluble  Phosphorus  in  Iron-ores. — Mixer  and  Dubois  (Am,  Inst. 
Min,  Eng.,  Chicago  meeting,  Feb.,  1897).  Some  iron  ores  contain 
phosphates  not  extracted  by  treatment  with  acid.  Calcining  with 
limited  amount  of  NajCOg.  or  of  MgO,  were  successful  in  rendering  this 
soluble,  but  rendered  the  determination  slow.  The  most  rapid  method 
found  also  to  be  accurate  consisted  in  calcining  without  addition.  Treat 
about  1.5  gms.  of  the  ore  with  %i  cc,  HCl  (Gr.  i.i).  Evaporate  to  a 
synip.  Dilute  and  filter.  Burn  the  filter  in  a  crucible,  break  up  and 
ignite  at  red  heat  for  a  minutes,  add  water  and  acid,  boil  5  minutes  and 
then  filter  off. 

Soluble  Phosphates  in  Per /ilisers.— Stock  (J.  S.  C.  I.,  XVI.,  107). 
20  to  30  gms.  of  the  well  mixed  fertilizer  are  put  into  a  strong  bottle,  and 
2  to  3  litres  of  water  added;  after  thorough  shaking,  several  glass 
marbles  are  put  in,  and  after  stoppering  the  bottle  is  swung  to  and  fro  in 
a  horizontal  position  for  2  or  3  hours.  After  settling  an  aliquot  portion 
of  the  solution  is  taken  for  analysis. 
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Phosphates  in  W^/^r.— Lepicrre  (Biill.  Soc.  Chim.,  XVI.,  1213). 
The  Brussels  congress  fixed  the  limit  at  0.0005  gm.  PjOj  per  litre.  De- 
terminations by  weighing  the  yellow  precipitate  as  usually  recommended 
are  erroneous,  the  yellow  precipitate  being  soluble  to  the  extent  of  0.02 
to  0.06  gm.  per  100  cc.  A  col oii metric  method  is  recommended.  The 
standards  are  made  by  dissolving  0.075  g™-  of  NH4,Na,H,PO^,4H30  in 
one  litre  (equivalent  practically  to  0.015  &^-  ^i^s)-  ^  ^^'  ot'staodards 
are  then  made  in  comparison  tubes  containing  0.2,  0.4,  0.8,  1.3,  1.6,  a, 
4,  S,  12,  etc.,  cc.  in  50  cc.  and  to  each  of  these  is  added  2  cc.  of  molyb- 
date  mixture.  This  afTords  a  yellow  color  scale,  the  deplh  of  tint  being 
proportional  to  the  amount  of  P^O^  present.  When  protected  from 
evaporation  these  standards  will  keep  for  a  long  time. 

To  apply  to  water,  evaporate  i  litre  in  platinum,  add  HNO^,  and 
evaporate  to  remove  SiOj.  Repeat  evaporation  with  HNOj.  Take  up 
with  dilute  HNO,,  pour  into  a  comparison  tube,  dilute  with  washings  to 
50  cc,  add  2  cc.  of  molybdate  mixture,  mix  and  compare  after  a  few 
minutes.  The  PjO^  gives  Its  maximum  color  almost  immediately;  SiO,, 
if  present  in  solution,  gives  a  coloration  which  deepens  slowly,  and  then 
slowly  pales.  For  equal  amounts  the  SiO«  color  is  deeper  than  that 
from  PjO^. 

Phosphor  .ff/-i?»f<r.— Wickhorst  (J.  Am.  Chem.  Soc.,  XIX.,  396). 
For  P  dissolve  i  gm.  in  15  cc.  HNOj  and  5CC,  HC!,  dilute,  add  excess 
of  ammonia,  pass  H^S  filter  and  in  the  filtrate  precipitate  with  Mg  solu- 
tion as  usual.  Wash  the  predpilate  with  dilute  NHg  solution  containiDg 
a  little  (NH4)jS.  Redissolve  in  dilute  HCl  and  reprecipitate  with  am- 
monia. 

Complete  analysis. — Treat  0,5  gm.  with  5  cc.  HNOg  and  heat.  When 
the  reaction  is  over  rub  the  residue  with  a  rod,  add  water  and  filter, 
washing  with  dilute  HNOg.  Heat  the  precipitate  and  filter  slowly  up  to 
strong  ignition,  weigh  SnO^+PjOj.  Fuse  this  with  0.5  gm.  NajCO, 
and  r  gm.  S  (crucible  covered)  over  a  Bunsen  burner,  till  excess  of  S  is 
driven  off.  Cool,  leach  out  with  water,  add  ammonia,  then  i  gm.  HCl 
and  precipitate  cold  with  Mg  mixture.  Filter,  dissolve  in  HCl  and  re- 
precipitate. 

A  little  PjOg  may  not  remain  with  the  SnOj.  In  a  duplicate  sample, 
treated  in  the  same  wjy,  the  P^O,  may  b^  determined  by  molybdate 
separation. 

In  the  filtrate  from  the  above,  nearly  neutralize  with  ammonia,  add  5 
cc.  HNOg.  dilute  to  150  cc.  and  separate  Cu  by  electrolysis.  Pb  is  also 
determined  a;  PbO^  on  the  other  pole,  in  this  operation.  -In  the  solution 
separate  Fe  and  Zn  by  precipitating  both  with  NH^OH  and  (NH^)jS. 
Ignite  rather  cautiously  at  first,  finally  strongly  to  get  a  mixture  of  ZnO 
and  FcjOj.  Dissolve  in  HCl,  precipitate  with  ammonia  and  obtain  FCj 
Og ;  deduct  from  the  weight  of  the  two  together  to  get  ZnO. 

Boric  ^fj"r/.— Schneider  (Chem.  Ztg.,  XX.,  820-  The  material  is 
extracted  with  absolute  alcuhol  under  a  reflux  condenser,  the  solution 
cooled  and  filtered.  (Raw  meats,  eic,  may  be  extracted  in  a  covered 
beaker  on  a  water  bath,  then  anhydrous  Na^SO^  added  to  absorb  water 
and  again  extracted. )  The  solution  is  distilled  from  a  flask  deeply  im- 
mersed in  the  water  of  a  water  bath,  the  alcohol  carrying  over  the  BjO,' 
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with  it.  Then  add  the  distillate  gradually  to  a  solution  of  a  weighed 
amount  of  fused  NajCOg,  evaporate  to  dryness,  ignite  and  weigh.  From 
the  difference  of  weights  calculate  BjOj, 

Baric  Acid. — De  Komngh  (J.Ain.  Chem.  Soc,  XIX.,  385).  Boiling 
a  solution  of  strength  of  x  gms.  BjO,  in  one  litre  when  boiled  showed 
practically  no  loss  of  B^O,  in  the  vapors  unless  the  solution  was  much 
concentrated.  On  evaporating  to  dryness  only  about  one-eighth  of  the 
BjOg  was  volatilized.  The  method  used  for  the  test  was  adding  50  per 
ceot  of  glycerol  and  titrating  with  phenolphthalein  indicator.  To  sep- 
arate from  PjOj,  using  a  dilute  solution  and  precipitating  cautiously  with 
CaClj,  the  solution  containing  a  slight  excess  of  NajCO,,  will  leave 
B3O,  in  the  solution.  Addition  of  (NH^IjCOg  with  ammonia  will  pre- 
cipitate the  excess  of  Ca.  Then  boiling  the  filtrate  with  excess  of  Na, 
CO,  to  expel  NHg  affords  a  solution  in  which  B^Og  may  be  estimated 
by  titration.  The  Mg  separation  of  P^Og  was  also  found  to  be  success- 
ful. Some  experiments  in  the  use  of  NHg  solution  of  Zn  for  separating 
the  PjOj  are  in  progress. 

Baric  Acid  in  Foodi,.—T)i  Koninck  (J.  Am.  Chem.  Soc.,  XIX.,  55). 
So-called  "glacialine,"  consisting  of  a  mixture  of  3  parts  of  the  acid 
with  one  of  borax,  is  frequently  used.  With  uncooked  eggs,  add  to  5 
gms.  of  the  sample  one  drop  of  NaOH  (i:ij,  dry  and  incinerate.  Boil 
the  char  with  water  and  burn  the  residue  again.  Extract  with  water, 
unite  the  solutions,  add  a  few  drops  of  methyl  orange  and  render  barely 
acid  with  tenth  normal  H^SO^.  Boil  to  expel  COj,  cool,  add  half  its 
bulk  of  glycerine  and  titrate  with  N/ 10  NaOH,  using  phenol-phthaline 
as  indicator.  The  presence  of  phosphates  causes  some  interference  and 
some  allowance  must  be  made  for  them.  In  5  gms.  of  egg  this  allowance 
amounts  to  3  cc.  of  N/io  NaOH.  In  milk  i  cc.  of  NaOH  solution  is 
used  for  10  gms.  of  the  sample. 

Sulphur  in  Fig-iron.— 'BVait  (J.  Am.  Chem.  Soc.,  XIX.,  114).  A 
sample  of  pig-iron  was  received  which  gave  no  S  by  the  evolution  method. 
By  the  aqua  regia  method  it  showed 0.03*  and  0.04a  percent.  Bamber's 
method,  which  is  recommended,  gave  o.o6z  per  cent.  This  method  con- 
sists in  dissolving  (5  gms.  or  6.878  gms.)  in  strong  HNOj,  then  adding 
3  to  5  gms.  KNOj,  evaporating  to  dryness  in  a  platinum  cipsule  and  ig- 
niting. The  mass  is  then  treated  with  water  containing  a  litile  Na^COj 
filtered,  washed  with  weak  Na,CO,,  and  the  filtrate  acidified  with  HCl, 
precipitating  with  BaCl,  boiling. 

Apparently  sulphur  exists  in  four  different  forms  in  pig-iron  : 

1.  S  evolved  as  HjS  on  solution  HCl. 

2.  S  evolved  as  other  compounds  not  absorbed  by  alkaline  Pt  solution 
or  oxidized  by  Br  or  by  K^MnjOg. 

3.  S  unacted  upon  by  hot  HCl,  but  oxidized  by  HNOg  or  aqua  regia. 

4.  S  unacted  on  by  HNO,,  HCl  or  aqua  tegia. 

Sulphur  in  /ronr.— Hertuug  (Chem.  Ztg.,  February  6,  1897).  The 
Wiborgh  method  is  much  used.  Intensity  of  coloration  of  a  paper  or 
cloth  soaked  in  Cd  salt  (evolution  method),  but  may  be  erroneous  from 
leakage  of  the  apparatus,  etc.  The  small  amount  used,  0.2  to  o.S  gm.,  is 
also  an  objection.  The  method  descriljed  by  E.  F.  Wood  in  Blair's 
book  (passing  with  Cd  salt  and  treating  the  CdS  with  I)  is  preferable. 
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De  Konick's  observation  that  HjS  is  not  materially  oxidized  by  contact 
with  air  in  the  apparatus,  is  alluded  to  with  approval  from  the  author's 
experience. 

Sulphur   in   Irons Boucher    fChem.    News,    LXXV.,    lai).      The 

method  proposed  is  one  of  the  evolution  methods  in  which  the  HjS 
evolved  by  treating  lo  to  20  gms.  of  the  iron  with  HCl  is  caught  in 
NaOH  in  a  U  lube.  This  solution  is  then  run  into  an  acid  solution  of 
Fe^Clj  and  the  amount  of  ferrous  salt  formed  titrated  with  standard 
KjCr^Oj  solution, 

Silicon  in  Silico-Spiegel  and  FerrQ-Silicon, — Murray  and  Maury  f  J. 
Am.  Chem.  Soc,  XIX.,  138).  The  most  successful  method  for  speed 
and  accuracy  was :  Add  to  0.5  gm,  of  the  finely  pulverized  material  50 
cc.  of  water,  10  cc.  cone.  HCl,  and  12  cc.  HjSO^  fiisV  Heat  to  co- 
pious fumes  of  SOg,  cool,  add  10  cc.  HCl  warm,  and  then  75  cc.  of 
water.  On  heating  there  should  be  no  effervescence  from  undecomposed 
material  (if  there  is,  evaporate  again  to  fumes).  Boil,  filler,  wash  with 
HCI(t:r,)  ignite  and  weigh  ;  add  HjSO,  and  HF.  Ignite  and  weigh 
again.     Loss  is  SiO,,  calculate  to  Si. 

Silicales Opening  up.     Jannasch  (Zls.  Anorg.  Chem.  ). 

The  silicate  is  mixed  with  10  to  12  parts  of  pure  PbCOg,  in  a  large 
platinum  crucible  and  heated  at  first  (15  to  20  minutes)  with  a  low 
flame,  then  raised  to  fusion.  The  crucible  should  not  be  red  hot  for 
more  than  one-third  ils  height.  After  10  to  15  minutes  the  crucible  is 
dipped  directly  into  cold  water.  By  tapping,  etc.,  when  cold,  the  mass 
can  be  removed.  Dissolve  in  HNOg,  evaporate  to  absolute  dryticss  and 
take  up  with  HNO3",  filter.  Precipitate  the  major  part  of  the  Pb  by 
HCl,  filter,  evaporate  with  excess  of  HCl,  filter  and  precipitate  remain' 
ingPbbyHjS. 

Silica  in  Blastfurnace  5/<7^J.— Meeker  (J.  Am.  Chem.  Soc.  XIX., 
370.)  0.5  gra.  of  finely  pulverized  slag  is  placed  in  a  410.  casserole. 
Cover  with  cold  water  (about  3  cc.)  and  stir  to  break  up  lumps.  Thee 
pour  in  10  cc.  cone.  HCl,  stirring  vigorously  to  prevent  sticking  to  the 
bottom. 

As  soon  as  the  slag  seems  dissolved  as  much  as  it  will,  and  before  it  is 
settoajelly,  pour  in  40  cc.  HjSO^  A:i),  stir  well,  wash  off  stirring  rod, 
and  then  cover  with  a  funnel.  The  tunnel  should  have  fused  edges,  and 
be  of  such  a  size  as  to  rest  upon  the  sloping  inside  of  the  casserole,  and 
set  down  above  the  solution. 

Place  the  casserole  on  a  wire  gauze,  and  boil  rapidly  until  fumes  of  S0( 
begin  to  come  from  under  the  edge  of  the  funnel.  Cool,  dilute  some- 
what, and  clean  off  the  funnel.  Add  about  lo  cc.  HCl  and  dilute  until 
the  casserole  is  as  full  as  it  can  be  conveniently.  Cover  with  watch 
glass  and  boil  gently  one  minute.  Filter  on  pump.  Wash  five  times  with 
hot  HCl  (Gr.  1. 10),  and  five  times  with  hot  water.     Ignite  and  weigh. 

The  discussion  of  the  reasons  for  this  procedure  must  be  consulted  in 
the  original  paper.  The  plan  was  adopted  in  view  of  ihe  presence  of 
spinel  (magnesium  aluminate),  which  occurs  frequently  in  these  slags. 

Carbon  in  Ferrochromt. — Breasley  and  Leffler  (Chem,  News, 
LXXV.,  241J,     The  method  used  consisted  in  mixing  0.5  to  i  gro.  of 
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the  finely  powdered  ferrochrome  with  10  gms.  PbCrO^  which  had  been 
previously  fused  and  ihen  re-ground  to  powder;  inserting  in  a  porce- 
lain boat  which  was  placed  in  a  porcelain  combustion  lube  packed  with 
CuO,  etc.,  and  then  effecting  combustion.  The  details  of  manipulation 
are  all- import  ant.  The  method  given  by  Professor  Arnold  (Steel  Works 
Analysis,  p.  213)  did  not  prove  satisfactory.  In  a  communication 
(C.  N.  LXXV.,  263.)  Professor  Arnold  states  that  the  cause  of  failure 
with  his  process  was  due  to  defective  furnace  and  uosuiuble  manipula- 
tion on  the  part  of  the  authors. 

Carbonic  Acid  by  ledometric  Method — Phelps  (2ts.  Anorg.  Chem. 
XII.,  431).  The  COj  freed  f:om  its  combination  by  some  non-volatile 
acid  in  a.  suitable  flask  is  passed  into  Ba(OH)j  solution.  The  excess  of 
Ba(OH),  is  then  neutralized  by  standard  solution  of  I  until  all  is  con- 
verted to  BaflOg^ji  and  Bal^.  The  excess  of  I  is  (hen  titrated  with  nor- 
mal AsjOg  solution. 

Estimation  of  Cyanogen. — Sharwood  (J.  Am.  Chem.  Soc.,  XIX.,  4oo)> 
A  monc^raph  on  the  determination  of  the  various  forms  of  cyanides 
likely  to  occur  in  the  "  cyanide  extraction  "  of  gold  from  its  ores,  using 
KI  and  NH.OH  as  indicator — proposed  by  Deniges  (Ann.  Chim.  Phys. 
[7]  VI.,  38i\ 

Cyanide  Solutions.— ^Vca  (J.  S.  C.  I.,  XVI.,  115).  Various  applica- 
tions of  methods  already  noticed  are  described.  Particular  attention  is 
given  to  the  reactions  involved  in  the  process  of  extraction  of  gold  with 
the  other  (possible)  constituents  of  the  ore,  etc.  (Cu,  Zn,  etc.).  The 
accurate  determination  of  free  KCy  in  presence  of  K,ZnCyj  KjCOg 
and  KOH  is  regarded  by  the  author  as  an  analytical  problem  hitherto 
unsolved.     The  AgNOg  and  KI  method  of  titration  is  used. 

Nitrous  Acid  Reaction.—'^iegltr  (Za.  anal.  Chem.  XXXV., 677).  Place 
0.03  to  0.03  gm.  crystallized  naphthionic  acid  in  a  test  tube,  add  5  to  6 
cc.  of  the  liquid  to  be  tested,  shake  well,  then  add  2  or  3  drops  cone. 
HCI,  shake  thoroughly,  then  run  in  a  little  ammonia  solution  (20  to  30 
drops),  so  that  it  forms  a  layer  on  the  top.  A  trace  of  HNOj  will  show 
a  rose-colored  ring  at  the  point  of  contact.  On  shaking  the  rose  tint  is 
s[H%ad  through  the  solution.  The  author  makes  the  test  quantitative,  ib., 
XXXVI.,  306. 

Nitric  Niirogen.~CoppeT  zinc  couple.  Stock  (J.  S.  C.  I.,  XVI,, 
107J.  Granulated  zinc  is  used,  to  this  is  added  a  to  3  drops  of  HjSO^ 
and  10  cc.  of  a  3  per  cent,  solution  of  CuSO^  (crystals) ;  after  shaking 
(holding  the  stopper  in)  for  a  minute,  the  mouth  of  the  bottle  is  covered 
with  copper  gauze,  and  Zn  washed  and  drained,  when  it  is  ready  for 
the  addition  of  the  water  to  be  analyzed. 

Analysis  of  Nitroglycerine— n^my  (Bull.  Acad.  Roy.  Belg.,  XXXII., 
366).  The  combustion  has  been  made  in  the  ordinary  manner,  when 
the  explosive  was  completely  soaked  up  in  powdered  CuO. 

Iron  containing  Boron. — Warren  (Chem.  News,  LXXV.,  91).  The 
compound  of  iron  and  boron  may  be  readily  produced  by  heating  ferric 
borate  to  a  red  heat.  Even  fusing  iron  in  contact  with  borax,  as  is  some- 
times done  in  metallui^cal  work,  produces  some  of  the  boride,  which 
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mingles  with  the  iron.  Id  some  cases  this  may  cause  some  errors  in  the 
analysis  of  such  irons. 

C9ke,  Samp:inj  aa.l  Anaiysis.  —Stock  (J.  3.  C.  I.,  XVI.,  304).  The 
necessity  for  a  uniform  method  of  sampling  is^very  desirable.  The 
method  recommended  is ;  when  on  cars  to  open  the  side  doors  and  take 
portions  from  the  top,  middle  and  bottom  of  each  car,  collecting  in  this 
way,  from  siy  ten  carj,  a  bulk  simple  of  3  to  5  cwt.  This  should  be 
broken  up  to  about  macadam  size,  well  mixed  on  clean  iron  plates, 
heap»]  together,  and  sampled  after  the  regular  fashion  of  niiaeral  ore 
sampling,  breaking  smaller  and  smaller  each  time,  until  the  sample  is 
brought  down  to  nbout  3o  pounds,  which  will  piss  a.  ^-inch  sieve,  which 
is  still  further  reduced  on  a  bucking  plate,  and  finally  in  a  wedge-wood 
mortar.  Too  much  working  on  the  buckin:?  plate  will  increase  the  per- 
centage of  ash  by  wearing  off  the  plate.  A  100  gm,  sample  should  be 
taken  for  moisture  detCrmi nation  when  all  the  sample  will  pass  a  ^-inch 
sieve.  A  500  gm.  portion  of  the  sample,  alter  grinding  ^ner,  is  dried, 
and  portions  of  it  used  for  determination  of  the  other  constituents.  Dry- 
ing for  three  hours  in  an  air  bath  at  105°  is  sufficient  to  expel  the  mois- 
ture; 0.7  to  I  per  cent,  is  the  usual  amount.  The  maximum  amount 
which  a  coke  can  be  made  to  hold  is  19.17  per  cent.  A  lot  which  had 
been  long  exposed  to  rain  was  found  to  contain  2.30  to  12.36  per  cent., 
average  5.25.  The  method  used  for  S  determination  is  to  mix  i  gm.  of 
the  pulverized  and  dried  sample  with  about  i  gra.  of  half  hydrated  CaO 
[mixture  of  equal  parts  of  CaO  and  Ca  (OH)j]  moisten  with  i  cc.  of 
water,  dry,  and  then  heat  in  a  muffle  to  bright  red  until  all  carbon 
is  burned  off.  After  cooling,  the  material  is  treated  with  so  cc.  water, 
and  5  cc.  saturated  Br  water,  7.5  cc.  HCl  are  then  added,  and  after  boil- 
ing five  minutes  the  solution  is  filtered,  the  residue  washed,  and  the 
filtrate,  etc.,  precipitated  boiling  with  Bad,  boiled  half  an  hour,  kept 
hot  for  three  hours,  filtered  and  washed,  etc.  For  P,  which  usually  runs 
0.005  to  0.017  per  cent.,  10  gms.  of  the  sample  are  burned  to  ash  in  a 
flat  PC  tray,  the  ash  ground  in  a  mortar,  and  digested  nearly  boiling  with 
so  cc.  of  brominized  HCl.  The  HCl  is  then  evaporated  off.  After  tak- 
ing up  with  20  cc.  of  water,  and  filtering,  15  cc.  of  strong  ammonia  is 
added,  which  is  then  neutralized  with  HNO^;  after  adding  a  few  drops 
of  dilute  ammonia,  and  again  neutralizing  with  HNO,,  2.5  to  3  cc.  of 
strong  HNO,  are  added,  then  5  cc.  of  molybdate  Juixture  is  added  sud- 
denly. By  constant  shaking  for  fiveWnutes,  when  the  operation  is  con- 
ducted with  a  hot  solution,  the  precipitation  is  complete,  and  the  rest  of 
the  operation  can  be  conducted  in  the  usual  manner.  The  author  dries 
and  weighs  the  yellow  precipitate. 

New  Element. — Demarcay  (C.  Rend.,  CXXIL,  728).  By  fractional 
crystallization  of  (fuming)  HNO3  solution  of  rare  earths  rich  in  samarium 
the  author  obtained  a  colorless  nitrate  of  an  apparently  new  earth,  but 
little  soluble  in  the  cold.  The  primary  spectrum  gave  lines  different 
from  those  of  Gadolinium  and  of  Samarium,  though  weak  lines  of  those 
elements  were  seen,  showing  that  it  had  not  been  completely  purified. 
The  element  is  provisionally  designated  as  S. 


Dni.tizc-ct.Google 


BOOK  REVIEWS. 
BOOK   REVIEWS. 


Missouri  Geolepcal  Survey.    Vol,  XI.     "Clay  Deposits,"     By  H.  A. 
Wheeler. 

This  is  the  largest  clay  report  which  has  ever  been  issued  in  the 
United  States,  and  the  extensive  and  varied  cliaracter  of  the  Missouri 
clays  has  given  Prof.  Wheeler  an  excellent  subject  for  study.  The  re- 
port shotrs  that  there  are  within  the  State  targe  beds  of  high-grade  clay, 
which  must  be  a  source  of  great  revenue  at  no  very  distant  day.  De- 
tailed accounts  are  given  of  the  china  clay,  flint  and  plastic  fire  claj'S, 
potters'  clays,  shales,  paving-brick  clays,  etc.  The  flint  clays  are  especi- 
ally interesting  from  a  chemical  standpoint,  as  they  seem  to  be  mixtures 
of  kaolinite  and  its  amorphous  variety,  pholeriie. 

The  special  value  of  the  report  lies  in  the  physical  tests  which  have 
been  made  on  a  number  of  the  samples  studied.  This  is  the  first  report 
issued  in  this  country  in  which  the  foreign  physical  methods  of  study 
have  been  employed.  This  includes  the  determination  of  the  plasticity, 
shrinkage  in  drying  and  burning,  temperatures  of  incipient  fusion,  vitri- 
fication and  viscosity,  etc.  The  plasticity  of  clays  is  an  impoMant  prop- 
erty and  one  which  it  is  always  desirable  to  give  a  numerical  value  to. 
In  the  Missouri  work  Wheeler  has  used  the  method  devised  by  Olchew- 
sky,  which  is  leased  on  the  close  relation  that  exists  between  tensile 
Strength  of  the  air-dried  clay  and  its  plasticity.  The  more  plastic  the 
clay  the  greater  its  tensile  strength.  This  is  determined  by  molding  the 
wet  clay  into  briquettes,  which,  when  air-dried,  are  pulled  apart  in  a 
cement -testing  machine,  and  the  number  of  pounds  per  square  inch 
which  is  required  to  do  this  noted. 

The  report  closes  with  chapters  on  prospecting  clays,  a  bibliography  of 
a.  number  of  the  more  important  books  on  clay  and  a  table  of  the  more 
important  American  and  foreign  analyses. 

The  work  will  form  a  valuable  addition  to  the  literature  on  American 

clays,  which,  happily,  is  daily  increasing,  but  it  is  unfortunate  that  the 

work  contains  so  many  typographical  errors.  H.  RiES. 

A  Primer  of  the  CaUuluf.     By  E.  Sherman  Gould.     New  York,  D. 

Van  Noslrand  Company.     91  pp.,  17  plates.    Price,  50  cents. 

In  this  littlevolume,  which  forms  No.  ira  of  the  Vkn  Nostrand  Science 
Series,  the  author  has  succeeded  in  presenting  the  subject  of  the  calculus 
in  a  very  clear  and  lucid  manner,  as  far  as  the  first  differentials  of  alge- 
braic functions  of  one  independent  variable  and  their  corresponding  in- 
tegrals are  concerned. 

The  author  has  adopted  the  plan  of  entirely  omitting  any  discussions  as 
to  the  logical  basis  of  the  science,  but  plunges  immediately  into  working 
formulas,  tiret  for  differentiation  and  tlien  integration.  Appropriate  ex- 
amples illustrating  the  application  of  these  formulas  are  then  given,  cover- 
ing maxima  and  minima,  areas  of  curves,  volumes  of  solids,  lengths  of 
curves,  areas  of  surfaces  of  revolution,  centre  of  gravity,  etc.  A  few  re- 
marks in  regard  to  the  limitations  of  the  calculus  farm  the  final  pages. 

The  work  shows  care  in  its  preparation,  for  the  subject  is  handled  in  a 
mastetly  way,  very   concisely  and   tersely  stated,  while  the  examples 
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selected  to  illustrate  the  various  methods  and  points  are  well  chosen  and 
of  an  extremeljr  practical  nature.  W.  H.  F, 

Tki  EUmentt  of  Pkyiut.  Vol.  III.,  "  Light  aud  Sound."  By  Edwabd 
L.  Nichols  and  William  S.  Franklin.  New  York,  The  Macmil- 
lan  Company.  194  pp.,  iSi  diagrams  and  illustrations.  Price, 
li.So 

The  concluding  volume  of  the  series  of  three  on  "  The  Elements  of 
Phy»cs"  by  the  above  authors  maintains  the  high  standard  set  by  its 
predecessore. 

The  opening  chapter  presents  the  wave  theory  of  light  and  of  sound 
and  describes  historically  the  methods  employed  for  determining  the 
velocity  of  propagation  of  each. 

Under  the  subject  of  Waves  the  authors  present  discussions  relating  to 
longitudinal  and  transverse  waves,  gradually  leading  up  to  the  modem 
idea  of  Wave  Front  and  touching  upon  the  subject  of  Shadows. 

Reflection  and  Befraction  are  next  taken  up  and  considered  in  a  very 
dear  and  complete  way,  aided  by  many  diagrams. 

Chapters  IV.,  Y.  and  VI.,  covering  a8  pages,  touch  in  order  upon 
lenses  and  systems  of  lenses ;  imperfections  of  lenses  and  methods  of 
correcting  the  same  with  examples  of  various  lens. systems  used  in  praC' 
tice ;  simple  optical  instruments  under  which,  after  an  introduction  as  to 
the  essential  features  and  defects  of  the  human  eye,  are  treated  the  cam- 
era, magic  lantern,  microscope,  telescope,  spy-glass  and  opera-glass. 

The  next  topic  dwelt  upon  is  Dispersion,  allowing  the  authors  to  dis- 
cuss the  spectrum  and  spectroscope,  followed  by  an  excellent  chapter  on 
Interference  and  DifTracliou. 

The  subjects  of  Color  and  Photometry,  an  excellent  treatment  on 
Polarization  and  Double  Refraction,  together  with  a  clear  exposition  of 
Radiation,  leave  the  remainder  of  the  book  to  be  entirely  devoted  to 
Sound. 

Loudness,  Pitch  and  Timbre  is  the  heading  of  the  first  chapter  on 
Sound,  followed  by  one  on  Free  Sonorous  Vibrations,  in  which  the 
authors  touch  upon  the  action  of  columns  of  air,  vibrating  strings,  dia- 
phragms and  manometric  flames. 

Next  the  authors  take  up  quesdons  of  Damping,  Impressed  Vibrations 
and  Resonance  and  Hearing. 

The  final  chapter,  on  Musical  Intervals  and  Scales,  is  a  very  compact 
and  terse  statement  of  the  theory  of  music. 

In  this  volume  much  repetition  has  been  avoided  by  considering  Light 
and  Sound  together  in  n^ny  of  the  discussions  and  only  treating  them 
separately  where  absolutely  necessary. 

The  series  as  a  whole  fills  a  want  which  has  heretofore  existed,  t.  e.,  a 
text>book  for  students  who  possess  a  good  working  knowledge  of  the 
calculus. 

From  this  standpoint  no  one  can  say  that  the  authors  have  not  acosn- 
plished  what  they  set  out  to  do.  W.  M.  F. 

A  Dictionary  of  the  Names  of  Minerals,  including  their  "  History  and 
Etymology.'.'  By  Professok  Albert  H.  Chester.  John  Wiley 
&  Sons,  53  East  Tenth  Street,  New  York  City  ;  and  Chapman  & 
Hall,  Limited,  II  Henrietta  Street,  Covent Garden,  London,  W.  C, 
England.     8vo,  cloth.     Price,  (3.50. 


Dni.tizecbvGoOgle 


BOOK  REVIEWS.  447 

Professor  Chester  was  well  qualified  by  previous  work  and  as  the  pos- 
sessor of  a  tine  mincralogical  library  to  undertake  the  critical  study  of  the 
•origin  and  present  iniportance  of  the  various  names  given  to  minerals,  and 
the  book  before  us  is  the  result  of  many  years  of  patient  work  and  exten- 
■sive  correspondence.  It  is  rather,  however,  a  dictionary  of  the  English 
forms  of  names,  as  the  live  thousand  (approx.)  names  given  do  not,  in 
genera],  include  the  foreign  forms  and  spellings  of  the  common  names, 
such  as  Kieselzenkerz  Atakamit,  Schwerspath,  etc. 

The  general  scope  and  style  of  the  work  is  best  illustrated  by  one  or 
two  examples^  for  instance  : 

Adularia.  E.  Pini,  T783,  Pini  St.  Golt.,  57  (adulairc)  from  the 
Adula  Mts.,  erroneously  supposed  to  be  the  range  containing  Mt.  St, 
■Gotthard,  its  locality.  The  transparent  variety  of  orthoclase  often  show- 
ing pearly  and  opalescent  reflections. 

Hortonite.  A.  Dufrenoy,  1859,  Duf.  Min.  IV.,  434,  probably  in 
honor  of  Dr.  William  Horton.  A  sieatitlc  pseudomorph  of  pyroxene  from 
-Orange  county,  N.  Y. 

That  is,  the  attempt  is  made  to  give  the  author's  name,  the  date  he  pub- 
lished the  name,  the  work  in  which  published,  the  first  form  of  the 
name  and  its  derivation,  and  finally  a  short  description. 

Objection  may  sometimes  be  made  to  Professor  Chester's  choice  of 
species,  variety  and  synonym.  These  merge  into  each  other  and  the  di- 
viding lines  depend  very  largely  upon  circumstances.  The  larger  the 
collection  the  greater  the  freedom  given  to  the  variety.  This  feature, 
however,  is  not  the  essential  one,  and  the  great  value  of  the  book  to 
mineralogists  will  be  to  assist  in  the  exclusion  of  names  shown  to  be 
errors,  to  prevent  repetitions  of  names  once  used  and  to  furnish  a  refer- 
ence to  the  original  description  of  the  substance. 

The  work  is  carefully  printed  on  good  paper  and  should  be  owned  by 
-all  collectors  and  lovers  of  minerals. 

Alfred  J.  Moses. 
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BANDFACTURKES  OP 

ARTISTS'     MA.TEB,I^LS, 

SrPPLlES  FOE 

Oil  and  Water  Color  Painting,  Pastel  and  Miniature  Painting, 

Etching,  Ornamenting  and  Designing.     Materials  for  Tap 

estry  Painting,  Repousse   Tools  and  Lustre  Paints. 


— KAKraFACTUItBRS  OF  FINELY  PREPAItXI>- 

Artists'   Oil    Colors    in    Tubes. 

fike  bsttshe&  fob  oil  &  wateb  color  panttuta, 

Dry  Colors,  Colors  la  Oil  and  Japan  Fine  Tanislies, 

Beady  Uized  Fmts,  Wlutd  Lead,  Ac. 

— MANliFACTUBERS  OF— 

MATHEMATICAL   INSTRUMENTS, 

Engineers'  Supplies  and  Dranghtsmen's  Materials, 
I  Stunt,  Irliiiln;  Stain,  Tiki,  Cnm  SttODi  Figm,  TinloUtti,  TniHU,  Lneli,  Elt. 

WORTHINGTON 
MINE  PUMPS 

Specialty:  Triple  Expansion  and  Higrh  Duty 
Station  Piimps  with  guaranteed  duty  of  75,000- 
OOO  to  125,000,000  foot  pounds  of  work  with 
100  pounds  of  Coal;  also.  Sinking  Pumps  of 
large  capacity. 

PUMPS,  CONDENSERS  AND  WATER  MHERS  FOR  ANY  SERVICE. 


HENRY  R.  WORTHINGTON 

NEW  YORK 

BOSTON  PHILADELPHIA  CHICAGO 

ST.   LOUtS  CLEVELAND 

INDIANAPOLIS  DETROIT  ATLANTA 


The  Deane 


OF  HOI, YOKE, 


PU7VYPS 


FOS  MnmTO  AITS 
FSESSTTBE  SERVICE. 


Duplex  Double-Plunger  Mine  Pump. 


PUHPS  FOR  EVERY  ESIOWSI  PURPOSE. 


The  Oeane  Steam  Pump  Co., 

HOLYOKE,  WHSS. 

NEW  YORK.  BOSTON  PHIUDELPHIA.  CHICAGO. 


CATALOGUES  DPON  APPLICATION. 
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Coltttnbla  Uatveraltjr,  p«ilaj[OKica1lir,coiuiils  of  &  College  and  >  Uoiirerntjr. 
The  College  is  Columbia  College,  founded  in  1754.  Tfae  Univenitjr  consist!  of  the 
Faculties  of  I,aw,  Medicine,  Applied  Science,  Pbiloaophy,  Polit- 
ical Science,  and  Pure  Science. 

Tbe  point  of  contact  between  the  College  and  the  University  Is  the  senior  year  of 
the  College,  dnring  which  year  Mudents  in  the  College  punue  their  stadia*,  vith  the 
ooDsent  of  the  College  Faculty  under  one  or  mor<  of  the  Faculties  of  the  Unireraty. 

Tbe  varioni  schools  are  under  the  charge  of  their  own  faculties,  except  that  the 
School!  of  Mines,  Chemistry,  Engineering  and  Architecture,  are  all  under  the  charge  of 
the  Faculty  of  Applied  Science,  and  for  the  better  conduct  of  the  strictly  Uiuvernty 
work,  as  well  as  of  the  whole  Instruction,  a  University  Council  has  been  1  ilillllTiril 


I.  THE  COLLESE. 

The  College  has  a  curriculum  of  four 

SMira'  duration,  leading  to  the  degree  of 
achelor  of  Arts.  Candidate!  for  admis- 
sion (0  the  College  must  be  at  lea«t  fitteen 
yean  of  age,  and  pass  an  examination 
on  prescribed  subjects,  the  particulars 
concerning  which  may  be  foiutd  in  the 
annual  Circolar  of  Jnfonnation. 


II.  THE  UMIVERSITV. 

Pedagogicaliy,  the  Faculties  of  Law, 
Medicine,  Political  Science,  Philosophy, 
Pure  Science  and  Applied  Science,  talce a 
together,  constitute  the  University.  These 
faculties  oflSrt  advanced  courses  of  study 
and  invesdgatlon,  respectively,  in  (a) 
Private  or  Municipal  liw,  (6)  Medicine, 
(r)  History,  Economics,  and  Public  Law, 
(rf)  Philosophy,  Philology  and  Letters, 
(r)  Mathematics  and  Natural  Science, 
and  (/)  Applied  Science.  Courses  of 
study  under  one  or  more  of  these  faculties 
are  open  (o  members  of  the  senior  class  in 
the  College  and  to  all  students  who  have 
successfully  pursued  an  equivalent  course 
of  uDdergraduate  study  to  the  close  of  the 
junior  year.  These  courses  lead,  through 
the  bachelor's  degree,  to  the  university 
degree*  of  Master  of  Arts  and  Doctor  of 
Plulosophy.  The  degree  of  Master  of 
Laws  is  also  conferred  for  advanced 
work  in  law  done  under  Che  faculties  of 
Law  and  Political  Sdence  together. 


III.  THE  PROFESSIONAL  SCHOOLS. 

The  feculties  of  Law,  Medidne  and 
Applied  Science,  conduct  respectively  the 


Srofesrionol  schools  of  Law,  Medidne, 
lines,  Chemistry,  Engineering  and  Ai^ 
chitecture,  to  which  all  students,  a*  well 
those  not  having  pursued  a  course  of 
undergraduate  studies  as  those  who  luve, 
are  admitted  on  terms  prescribed  by  the 
faculties  concerned,  as  candidate*  for  pro- 
fessional degrees. 

I.  The  School  of  Law,  established  in 

1858,  offers  a  three  years' course  of  study 
in  common  law  and  eqoii*  jurisprudence, 
medical  jurisprudence,  criminal  and  con- 
stitutional law,  international  law,  public 
and  private,  and  comparative  jurispru- 
dence. The  degree  of  Bachelor  of  Law* 
is  conferred  on  the  satbfactory  comple- 
tion of  the  course. 

a.  The  College  of  Phyudana  and 
Surgeons,  founded  in  1807,  offers  a  four 
years'  course  in  the  prindples  and  prac- 
tice of  medicine  and  surgery,  leading  to 
the  degree  of  Doctor  of  Medidne. 


3.  The  School  ofMines,cstablished  in 
1864,  offers  courses  of  study,  each  of  four 
years'  duration  and  each  leading  to  an 
appropriate  professional  degree  in  min. 
ing  engineering  and  metalluTXj. 


4.  The  Schools  of  Chemistry,  Engi- 
neering and  Architeclnre,sel  off  from  Ue 
School  of  Mines  in  1896,  offer  respec- 
tively, four  year  courses  of  study,  each 
leading  to  an  appropriate  professional 
degree,  in  analytical  and  applied  chem- 
istry; in  civil,  sanitary,  electrical  and 
mechanical  engineering;  and  in  archi- 


SETH  LOW,  LL.  D.,  President. 
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"RACKAROCK." 

THE  ONLY  SaFE 

HIGH  EXPLOSIVE. 

"  RACKAROCK  "  contain*  no  Qlycerine  or  Oon  Cotton. 

The  Cheapest,  Best  and  Strongest  Explosive  Made. 

!■  composed  of  two  InKredknts  which  are  ahlppod  separate  and  kept  one  from 
the  other  until  required  lor  use. 

240,000  lbs.  used  in  Floor  Rock,  Hell  Cfate,  N.7. 

••  RACKAROCK  "  hat  an  enviabU  reeerd.     No  Actidemts  have  evei 
occurred  by  itt  tut  in  any  Tunnel. 

No  NokIous  flasas,  No  Hoadacho,  No  Nausaa. 

Fuzes,  Caps  and  Electric  Batteries. 

RENDROCK  POWDER  CO., "'°  ^"SeST'y^rk. 

MINING  machinery! 

Rock  Drills 

For  all  purposes  and  of  all  sizes. 
Ste:{im  or  Compressed  Air. 

Air  Compressors 

SIMPLE,  DURABLE,  ECONOMICAL. 
ALL  SIZES. 

For  Running  Pumps,  Rock  Drills,  Coal  Cutting 
Machlnet,  Etc. 

.M^ SKND  POR  CATALOaUC^ 

f  RAND  DRILL  CO.  1 

lOO  Broadway;  HEW  TORK. 


CAMEROIT 
STEAM  FUMP. 


SIMPLE  REIIIBLE IND  DURIBLE. 


No  Outside  Valve  Gear. 


For  Catalos:ae,  Address  the 

A.  S.  Cameron  Steam  Fiunp  Works 

TOOT  EAST  TWSNTT-TniBS  STSIEI, 
NEVr  TOSK. 
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IF  YOU  ARE  INTERESTED  ... 

in  the  DEVELOPMENTS  cf  ELECTRICITY  Id  all 
applications,  Including  Hinlngr.  READ 

The  Electrical  Engineer 


Issued  Weekly.    10  Cents  a  Copy. 
•3.00  a  Year.    Trial,  Three  Months,  60  Cents. 


CATALOeUE  OF  ELECTft/CAL  BOOKS  ON  APPLICATION. 


THE  ELECTRICAL  ENGINEER, 

203  BROADWAY.  NEW  YORK,  N.  Y. 

FOURTH  eomOK.    Large  8ro.  Cloth.  700  Pagtt  and  Mumarout  Platn.    tS.OO. 

XPE  HETALLUROY  OF  GOLD. 

APnciicat-rraKKDDltuMaillurglcalTislmcnt  of  Gold  BcuIde  Om,  Inciudlng  itia  Pro- 
«ua  of  LonccBtruion  and  ChJorlnvlon  nnd  ExinciloD  by  CymldE,  and  Iha  AuylDi,  Mdling 
and  Rfflnlng  of  Go]d.  By  M.  KISSl.BM,  M.K.  Founh  Edition,  Rsvlaed  and  Cnli^ed  10700 
piga.    Willi;  AddllloBul  Plun,  nnd  Working  Dnvlnp  and  Oiaplcn on  KcccDt  Milling Opoa- 


dclil^  but  fullpullculuiorihetaulu  saually  obiilned,  ue  Elren,  while  a  chapter  li  deiratcd  10 
Iha  chsmlnry  of  Ih*  cyaolde  prMzH.— ^rr/an  In  Iki  Fourth  Edilisu. 

D.  VAN  NOSTRANO  COMPANY,  PnbMihsTt,  23  Mnrray  ud  27  Warm  Sti., 
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The  School  of  Mines  Quarterly. 

Journal  of  Applied  Science. 


VOL.  XVIII.,  iass-»7. 
XTEVr  YORBC  CITY. 


SubterlpUon  Pries.  1200  P«r  knniin.  or  BO  Cant*  Pir  Humbtr. 
AU  rtniKtinnt  thouM  ba  mida  payabia  te  sriar  of  "  SCHOOL  OP  MIHEa  fUAtlTCRLY.' 


BOARD  UV  BDIIORS. 

A.J.  M0SR9,Adl.Pn<f.a(UlDanaD(7.  K.  WALI.KR,Pnir.  AoalTtlaaCIHmlatij. 

i.S.  KBUF,I>n)r.  Dr(i*f>loc7.  JO9.aTKi;rHB»a,Tal0tluIl«UUnn]r. 

R  PEKLE,  Jr.,  A<lt.  f  nX.  Ulalog.  LH.  WOOiaUH,  loaunctot In Snxrtai. 


mrio-i  of  Hi*  ALuan  at  tb*  Scnooi. 
n  tu<M  mn  DUlnlj'  HllMl  by  ooQtilba 
I,  Uluing,  CHBumi 


and  MiKBatLOST  appaar  ngiilulr.  and  Itli  Ilia  upactaclan  of  Uw  adltoia  to  axtood  (bii  ta  oUmt 

mrreptlaMwlllba  wntOtr  BEQUEST  to  Nafa  oonUlbglor  wlthaat  obuga.  ItDoragiaatt 
la  nud*  bafcn  th*  dtiirlbuilon  ot  ibi  type,  It  vLU  bs  aBamad  that  iba  npclDB  ai*  nMdirind. 
KXTHA  ra^nta,  tlUa  (awn  or  oonr*  will  bafarniaheilatliieaipaiHSalUiaoonMbaMr. 

Baa  ^eola]  nolLcoa  n^ardloc  baot  ubinban. 


QI)ARTEIII.T  RSPHIXm. 

r«  DreaaiDa  la  Europe,  2nd  EdlUoD 


Tba  reUoirlnc  mi-and  pampbltt  raprlalamarDOWbaobtalnailat  CiKDQflnoBnta  eaelii 

Ho.  1.    BtDoa  CaillDi, W.  P.  Tao«>aiiia> 

HolSL    PanlnaaoldandSllvsraitbalt.T.Aanr  Oia:«,-_.»..- >« . »« T.  EaLnnw 

Ho.  i.    BaUa  Opan  Raanb  Slael .. T.  Eai.BaTOX 

Jlih  4.   Propartlaa  of  Piadpltatn, .__ >__. — E.  Waixsb 

TbalOIIowlncpaiiiptalaUiiiaTnvwbaabUlaB]  at  Wf  aantaoitcb: 

Hat  I.   StanilBiili  Df  LloaarMaaBaR.apacaa, _EiiwikP.Oiabk 

Hot  &    Pi— ut  UonilllkiB  of  Meehaalcal  Piaparalloa  of  Oraa,  Tl  |-k— ,     ,  U.  BuxDa 

THE  SCHOOL  OF  MINES  QUARTERLY,  Ntw  York  City. 

Advertiser's  Index. 


CaaeroB  SlHin  Pump t      Joa.  Cillni'i  Steal  Psii, 3 

Coll  Ekctilcal  Appamui, >      JcMOp*)  Stad, a 

ColuaUaUai'cnliy, 6      Lahith  ViUty  CmaoainE  Co„ 3 

CicKCDI  Slol  Co. •      Ncurunn,  Book  Binder, j 

D.  VBa  NoHrauil  Conpaoir, 9      Band  Drill  Co., j 

■    DaauB  Sitmm  Pump, %      Rendrock  Powder  Co., 7 

Diioa  Crucible  Co. i      Koben  A.  Keaibey Fnwi  Cots 

Blmer  ft  Amend Eaek  Corer      Schaefl^  ft  Budcnbeii, Pmu  Coircr 

Eledncat  Entlaecr, ^1  Wealoa  Ele«riciil  Co. i 

F.  W.  Devoc  ft  C.  T.  Riynoldi  Co. 4       Woodbrldfe  School, Bu^  Carer 

Fnien  ft  Chilmen, Back  Corer  I   WoRhlnsIon  Uiaa  Pupi 4 

Jenkini  Bcoibcn, pnat  CoTei  [ 
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,  ESTABUSHED    ISOI. 

^  Eimer  &  Amend, 

Importers  and  Manufacturers  of 

Chemicals. 

Chemical  and  Physical  Apparatus, 

Platina  and  Assay  Goods, 

205,  207,  209  and  211  Third  Avenue, 
N&W  TOBK. 


SOLE  AOBMTS  FOR 

Oarl  Zeiss  Mlorosoopee,  OttJeotiTee,  eto. 
Sobmidt  ft  Haensoh'a  Optical  Qooda,  Polorlsoopes,  eto. 
F,  &  U.  Lautensohla^er's  Baoterioaooploal  Apparatus. 
Dr.  O.  Sohelbler's  Standard  Susar-Testing  Instramenta. 
Oreiner  &  Fraldrioh's  Oennan  aiassware. 
Oarl  Sobleloher  &  Sohuell's  Ohemioall?  Fore  Filter  Papera. 
Btrlotly  O.  P.  Obamioals  and  Aoids. 
H.  Fleltman'a  Patent  Wrought  Nio&elware. 
Q.  Kara  &  Soha's  Oerman  Balanoea  and  Weights. 
Sartorious  Balanoea. 
Dr.  O.  Oraebler'a  Mloroeoopio  Oooda. 

F.  Deamoutis,  Lemalre  &  Oo.'a  Otaemloall^  Pure  Hammered  Platinum 
Specialties. — A  full  list  of  Assay  Goods,  including  Blowpipe  Apparatus  of 
most  approved  make.     Absolutely  pure  Chemicals  and  Acids;  Royal  Berlin  and 
Meissen    Porcelain;    KavaJier's    Bohemian    Glass;    Fine    Analytical   Balances  and 
Weights;  Collections  of  Metals,  Minerals,  Rocks,  Crystals,  Crystal  Models,  etc. 


m.  HIEDLEU 

Tlie  Perfection  of 
Pniups. 


Fraser  &  Chalmers. 

CHICAGO,  ILL,  U.  S.  A.  h.^dleb  pumping  cnciNC. 

Also  Mining  and  Ore-Treating  Machinery  of  Every  Kind 

r       ,    ,^.<K)yi 
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